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Symposium: Accommodative Esotropia 
7 Tv # 


PHYSIOLOGY AND ETIOLOGY 


MARSHALL M. PARKS, M.D. 
WASHINGTON, D. C. 


IT IS innate in most humans to want to 
see clearly, not only with one eye but with 
both eyes simultaneously. Clear vision is 
possible when the object receiving the 
visual regard is imaged sharply on the 
fovea. If the object is near to the eye or 
the eye is hypermetropic, accommodation is 
required to make the image sharp. Con- 
sequently, clear vision for a very large part 
is dependent upon accommodation. Clear 
vision with both eyes can only be attained 
by having the sharp image projected simul- 
taneously onto each fovea. This is known 
as bifoveal fixation. If the object is near 
the eyes, convergence is necessary in order 
for its image to be projected onto each 
fovea. Therefore, bifoveal fixation, to a 
great degree, relies upon convergence. To 
be more specific, it can be stated that clear 
bifoveal vision for an object near the eyes 
demands that accommodation and conver- 
gence occur simultaneously. 


ASSOCIATION OF ACCOMMODATION 
AND CONVERGENCE 


Perhaps this is the reason accommoda- 
tion and convergence are associated in the 
sense that a certain amount of accommo- 
dation reflexly calls forth a precise quantity 
of convergence, and vice versa. This asso- 
ciation will be referred to as the accommo- 
dation-convergence association reflex. The 
detailed nature of the accommodation-con- 
vergence association reflex varies from in- 
dividual to individual with each possessing 
a specific pattern which, as far as I can de- 
termine, appears to be relatively unchangea- 
ble. This association reflex brings forth 


Read at the annual Joint Meeting of the American 
Orthoptic Council and the American Association of 
Orthoptic Technicians, Oct. 13, 1953, Chicago, III. 


accommodation and convergence in a con- 
stant ratio. The specific ratio by which ac- 
commodation and convergence are reflexly 
associated can be determined for each in- 
dividual, being most conveniently measured 
in the following units: diopters for accom- 
modation and meter angles for convergence. 
The commonest ratio is in the neighbor- 
hood of one to one; one diopter of accom- 
modation being reflexly associated with ap- 
proximately one meter angle of conver- 
gence. The ratio of 1:1 is ideal for 
an emmetrope who is orthophoric, be- 
cause the proper amount of accommodation 
required for clear vision is reflexly associat- 
ed with the correct degree of convergence 
needed for bifoveal fixation, regardless of 
the location of the object receiving the 
visual attention. 


DISSOCIATION OF ACCOMMODATION 
AND CONVERGENCE 

Seldom does the ideal reflex association 
of accommodation and convergence exist 
which provides simultaneously clear vision 
and bifoveal fixation. If the accommodation 
provides clear vision, the degree of con- 
vergence reflexly associated with it usually 
will not facilitate bifoveal fixation. Or if 
the convergence is that required for bifoveal 
fixation, the accommodation reflexly asso- 
ciated with it usually will not permit clear 
vision. Therefore, theoretically an adjust- 
ment of either the accommodation or the 
convergence is demanded in practically all 
individuals prior to attaining clear bifoveal 
vision. Such an adjustment is referred to 
as dissociation of accommodation and con- 
vergence. 

Dissociation is performed through the 
medium of the fusional vergence reflex in 
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the following manner. The average indi- 
vidual locks the accommodation at the re- 
quired amount to obtain clear vision, and 
this is reflexly associated with a certain ra- 
tio of convergence. Most likely, the degree 
of convergence associated with the fixed 
amount of accommodation will not afford 
bifoveal fixation. The convergence is then 
sufficiently altered by the vergence reflex 
to provide bifoveal fixation, the clear vision 
persisting since the accommodation remains 
unchanged. Therefore, the accommodation- 
convergence association reflex and the fu- 
sional vergence reflex, in most individuals, 
work hand-in-hand in order to supply clear 
bifoveal vision. 


PATHOPHYSIOLOGY OF 
ACCOMMODATIVE ESOTROPIA 


Accommodative esotropia develops when 
the amount of accommodation required for 
clear vision is associated reflexly with such 
an excessive degree of convergence that the 
fusional vergence reflex is unable to over- 
come it in order to establish bifoveal fixa- 
tion. The train of events producing accom- 
modative esotropia is important. First, 
there is the desire by the patient to acquire 
clear vision. Second, in order to secure clear 
vision, some particular visual circumstance 
is present that requires accommodation. 
Third, the patient lacks the amount of 
accommodation required for clear vision 
and through the medium of the accommo- 
dation-convergence association reflex an ex- 
cess of convergence issues forth over and 
above that amount needed for bifoveal fixa- 
tion. Fourth, the patient has the desire for 
bifoveal fixation as well as the urge for 
clear vision. Fifth, fusional divergence is 
applied by the fusional vergence reflex; 
however, it is unable to overcome the mag- 
nitude of excessive convergence. Sixth, at 
this point the patient is forced to choose 
between clear vision or bifoveal fixation. 
If clear vision is the choice, accommodative 
strabismus prevails. If bifoveal fixation is 
the choice, the excessive convergence must 
be reduced to a point, at least, that is capa- 


ble of being overcome by fusional diver- 
gence. The only way in which the exces- 
sive convergence can be reduced is by di- 
minishing the amount of accommodation 
that was required for clear vision. Conse- 
quently, through the medium of the ac- 
commodation-convergence association reflex 
the associated excessive convergence is 
lessened. This in turn blurs the vision; 
however, the choice of bifoveal fixation is 
now realized. 


ETIOLOGY OF ACCOMMODATIVE ESOTROPIA 


Accommodative esotropia is due to either 
of two principal causes. First, the accommo- 
dation-convergence association reflex calls 
forth an excessive amount of convergence 
over and above that required for bifoveal 
fixation while accommodating to see clearly. 
Second, the fusional vergence reflex is not 
supplying sufficient fusional divergence to 
reduce the excessive convergence to the 
point that bifoveal fixation is possible. 

The accommodation-convergence associa- 
tion reflex may be normal or abnormal 
while causing accommodative esotropia. A 
normal accommodation-convergence asso- 
ciation reflex causes accommodative eso- 
tropia in a hypermetrope. Accommodation 
sufficient to provide clear vision in the 
hypermetrope will have an excess of con- 
vergence over that amount needed for bi- 
foveal fixation associated with it. If the 
excess convergence is not diminished by 
the fusional divergence so that bifoveal 
fixation is possible, accommodative eso- 
tropia is the consequence. 

An abnormal accommodation-conver- 
gence association reflex of a certain type 
causes accommodative esotropia in myopes, 
emmetropes, or hypermetropes. What is a 
normal? What is an abnormal? And of 
what type must the abnormal accommoda- 
tion-convergence association reflex be in 
order to cause accommodative esotropia? 
A normal association of accommodation and 
convergence consists of approximately the 
ratio of 1: 1, the accommodation measured 
in diopters and the convergence in meter 
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angles. A limited departure from the ratio 
of 1:1 in either direction is considered 
within normal limits. However, there is 
definitely a departure point from the 1: 1 
ratio that is considered abnormal. An ex- 
ample of an abnormal accommodation-con- 
vergence ratio is 1 : 3, that is, 1 diopter of 
accommodation with 3 meter 
angles of convergence. A second example 
is just the reverse, that is, 3 : 1, or 3 diopters 
of accommodation associated with 1 meter 
angle of convergence. If the abnormal ac- 
commodation-convergence ratio is of the 
type that a greater number of meter angles 
of convergence are associated with a lesser 
number of diopters of accommodation, 
such as a 1:3 ratio, the situation is ripe 
for accommodative esotropia. Any accom- 
modation whatsoever occurring in a patient 
afflicted with this type of abnormal accom- 
modation convergence reflex will provoke 
an excess of convergence. Insufficient fu- 
sional divergence to overcome the excessive 
convergence precludes bifoveal fixation, 
thus causing accommodative esotropia. 


associated 


The more accommodation required for 
clear vision, the larger the excess conver- 
gence will be that results from such an 
abnormal reflex. Since the near objects 
require more accommodation in order to 
see them clearly, the accommodative eso- 
tropia caused by such an abnormal reflex 
will more often occur only while looking 
at a near object. If the accommodative eso- 
tropia is present while looking at a distance, 
as does happen in a hypermetrope, the eso- 
tropia will be much greater while looking 
at near in the presence of this type of 
abnormal accommodation-convergence as- 
suciation reflex. 


The manner in which this abnormal re- 
flex is identified is as follows. The findings 
of prism and cover measurements for dis- 
tant and near fixation are compared. Cer- 
tain conditions must be controlled while 
doing the prism and cover measurements, 
but principally, the accommodation must be 
controlled. This is accomplished by doing 
two things. First, the refractive error is 


neutralized fully with lenses. Second, the 
patient fixates and keeps clear a small sym- 
bol; for instance, of a size equivalent to a 
20/30 Snellen letter at six meters, and to 
a 20/30 Lebensohn letter at one-third me- 
ter. To make sure that the symbol is kept 
clear, it is best to present new symbols 
repeatedly, demanding the patient to iden- 
tify each new symbol presented. 


A normal accommodation-convergence 
reflex association exists when the prism and 
approximately 
equal for distant and near fixation. An 
abnormal reflex of the type that 
will reveal a 


cover measurements are 


causes 


accomm< rdat ive esot rc ypia 


much greater convergence by prism and 
cover determinations at near than at dis- 
tance. A significant abnormal reflex will 
be recognized when measured in accord 
with the above detailed instructions, by 
there being no esotropia while fixating a 
distant letter, but esotropia being manifest 
upon fixating a near letter. 

THE 


FUSIONAL VERGENCE REFLEX 


In addition to the accommodation-con- 
vergence association reflex causing accom- 
modative esotropia, the fusional vergence 
reflex, in not fulfilling the function for 
which it was designed, may be implicated 
in the development of accommodative eso- 
tropia. The fusional divergence portion of 
the fusional reflex may be entirely adequate 
to overcome any excessive convergence that 
might develop with the application of the 
accommodation-convergence reflex, yet eso- 
tropia may occur in either of the two fol- 
lowing conditions. First, the patient may 
on occasions be unwilling to use the availa- 
ble fusional divergence because of the effort 
involved in obtaining bifoveal fixation. 
Particularly is this so when the patient is 
fatigued, ill, or just awakening from a deep 
sleep. At such times the eyes are seen to 
“cross,” yet while the child is well rested 
and physically fit, the eyes are straight. Also 
heterophorias, in addition to the esophoria 
reflexly associated with accommodation, 
impose an additional load on the already 
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overtaxed vergence reflex. Heterophorias, 
then, are another factor which contributes 
toward making the patient unwilling to put 
forth the effort required to effect the cor- 
rective movement needed for bifoveal fixa- 
tion. 


The second condition that precludes the 
application of an available adequate fusional 
divergence is a barrier to equal foveal fixa- 
tion. The drive for bifoveal fixation is 
probably due to the desire to have each 
fovea simultaneously supply the visual per- 
ception centers with identical information 
regarding the clarity of the image of the 
object of regard. This desire, then, repre- 
sents the stimulus for the fusional vergence 
required to make bifoveal fixation possible. 
Any ophthalmologic condition which pre- 
cludes equal foveal vision would conse- 
quently lessen the desire for bifoveal fixa- 
tion. Obstacles that prevent equal foveal 
vision are anisometropia and unilateral cor- 
neal haze, cataract, vitreous haze, muscular 
lesion and affliction of the papillomacular 


bundle. 


The fusional divergence portion of the 
fusional reflex may be grossly inadequate 
to cope with the excessive convergence 
issued forth by the accommodation conver- 
gence association reflex. The inadequacy 
of the fusional divergence may be absolute, 
that is, the fusional divergence is complete- 
ly lacking, Or the fusional divergence amp- 
litude may be smaller than normal and con- 
sequently be unable to overcome a rela- 
tively small amount of excessive conver- 
gence, which a more adequate fusional 
divergence would have no trouble coping 
with. 


The fusiona! divergence amplitude which 
attempts to overcome the excessive con- 
vergence that results from accommodating 
to see clearly is not the well-known diver- 
gence amplitude that is determined with 
prism while fixating a light. In such a 
determination the degree of accommodation 
is ignored. The examiner is merely mea- 
suring the amount the eyes can diverge irre- 


spective of the state of accommodation. 
The fusional divergence amplitude which 
overcomes the excessive convergence re- 
sulting from the accommodation-conver- 
gence association reflex is that amount of 
divergence available while the degree of 
accommodation remains at a constant fig- 
ure. This quantity of fusional divergence 
is determined relative to a specific amount 
of accommodation. Consequently, I shall 
call this the relative fusional divergence 
amplitude. 


It is possible to directly determine the 
relative fusional divergence amplitude with 
either prisms or a haploscopic device. Since 
the average ophthalmologist does not pos- 
sess, or is not facile at operating, a haplo- 
scopic instrument, prisms must be depend- 
ed upon while directly determining the 
relative fusional divergence amplitude. It 
is so extremely difficult for me to control 
the patient's accommodation when using 
prisms while attempting this determina- 
tion that I do not feel my findings are suffi- 
ciently reliable to justify the attempt. 
Furthermore, the important information 
the ophthalmologist desires in treating ac- 
commodative esotropia is the diopters lens 
power required to provide clear bifoveal 
vision. Since prism determination does not 
afford this necessary information, I see no 
reason for the ophthalmologist to become 
interested in the direct measurement of the 
relative fusional divergence amplitude. 


However, a system will be described in 
which the amplitude of relative fusional 
divergence is indirectly measured by using 
diopter lens power; a system which yields 
the fruitful clinical information of the par- 
ticular diopter lens power required to assist 
the accommodative esotrope to experience 
clear bifoveal vision. This indirect system 
of measuring the amplitude of relative 
fusional divergence is possible because of 
the following principles. Due to the ac- 
commodation-convergence association re- 
flex, either increasing or decreasing the ac- 
commodation, while maintaining a constant 
meter angle of convergence, will induce a 
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different associated phoria with each vari- 
ance of the accommodation. So long as 
the induced phoria is capable of being 
overcome by the fusional vergence reflex, 
the constant meter angle of convergence 
can be maintained. The increasing esophoria 
that develops when the accommodation is 
increased while the constant meter angle 
of convergence of the eyes is maintained 
must be countered by the relative fusional 
divergence amplitude. Esophoria no longer 
is existent when the induced convergence 
exceeds the amplitude of the relative fu- 
sional divergence; accommodative esotropia 
has developed. Decreasing the accommo- 
dation the least bit will in turn reduce the 
associated convergence to the point at 
which it barely fits within the amplitude 
of the relative fusional divergence. Now 
esophoria replaces esotropia. A prism and 
cover determination at this point, while 
the patient is accommodating the controlled 
amount, will be a rough determination of 
the relative fusional divergence amplitude. 


The two important details for indirectly 
determining the amplitude of relative fu- 
sional divergence are controlling the ac- 
commodation as it is varied by designated 
amounts and controlling the degree of con- 
vergence as it remains constant. These de- 
tails are accomplished by the following 
steps: 

1. The patient's refractive error is com- 
pletely neutralized with lenses. 


2. A fixed degree of convergence of the 
patient's eyes is selected and enforced by 
the examiner. I particularly like to select 
3 meter angles of convergence for the de- 
termination. This degree of convergence 
is enforced by requiring the patient to fixate 
bifoveally a symbol which is equivalent in 
size to a 20/30 Lebensohn letter. The ex- 
aminer is certain that the patient is bifo- 
veally fixating the symbol if there is no 
movement of the eyes while doing the cov- 
er-uncover test. 

3. The accommodation is controlled by 
demanding the patient to identify the 


small symbol presented at one-third meter. 
In order that the accommodation continue 
to be stimulated a controlled amount, new 
symbols should be repeatedly presented to 
the patient. 


4. Trial case lenses of equal power are 
superimposed before each eye over the 
refractive error correction. The accommo- 
dation must be varied proportional to the 
power of the lenses superimposed if the 
fixation symbols are to be identified. 


a. If clear vision and bifoveal fixation 
are present at both 6 meters and one-third 
meter prior to superimposing the lenses, 
minus lenses are superimposed. This re- 
quires an increase in the accommodation 
in order to identify the symbol. The in- 
creased accommodation is associated with 
an urge to increase the degree of conver- 
gence because of the accommodation-con- 
vergence association reflex. The urge to 
increase the convergence becomes an eso- 
phoria, since it is negated by the relative 
fusional divergence as long as the conver- 
gence is kept constant. Minus lenses of 
increasing strength are superimposed un- 
til the urge to increase the convergence ex- 
ceeds the relative fusional divergence ampli- 
tude, at which point accommodative eso- 
tropia will be present if the symbol is 
identified. 


b. If clear vision and bifoveal fixation 
are present at 6 meters, but clear vision 
and esotropia present at one-third meter, 
plus lenses are superimposed before the 
refractive error correction. This reduces 
the accommodation required to identify the 
small symbol, thereby diminishing the con- 
vergence. At the point where sufficient plus 
lens power has been superimposed to re- 
duce the convergence so that it fits within 
the amplitude of relative fusional diver- 
gence, accommodative esotropia will be re- 
placed by esophoria since the symbol be- 
comes bifoveally fixated. 

5. A prism and alternate cover deter- 


mination of the esophoria present while ac- 
commodating through the maximal minus 
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or the minimal plus superimposed lenses 
that permit clear bifoveal vision, as the 
case may be, is an indirect rough measure- 
ment of the amplitude of relative fusional 
divergence. 


It is of importance to the ophthalmolo- 
gist to determine indirectly the relative 
fusional divergence amplitude by using di- 
opter lens power while clinically dealing 
with accommodative esotropia. Since there 
are more causes of accommodative esotro- 
pia than simple hypermetropia, there is 
more involved in the spectacle treatment 
of accommodative esotropia than just neu- 
tralizing the hypermetropia with lenses. 
For example, accommodative esotropia re- 
sulting from an abnormal accommodation- 
convergence association reflex is also 
amenable to being controlled with spec- 
tacles in the same way that accommodative 
esotropia due to hypermetropia is controll- 
ed. In such an example, solely neutralizing 
any attendant hypermetropia with lenses 
does not control the accommodative eso- 
tropia. This problem can only be curbed 
by those which are bifocals, if depending 
on spectacles. The ideal power of the near 
“add” portion of the bifocal lenses is the 
minimum that will permit clear bifoveal 
vision at one-third meter. This ideal power 
of the near “add” is determined by indi- 
rectly measuring the amplitude of relative 
fusional divergence and at the same time 
noting the power of the minimum plus 
lenses, which were superimposed before 
the patient's ametropic correction, that per- 
mitted clear vision and bifoveal fixation. In 
other words, the difference between the 
maximum amount this type patient can 
accommodate while retaining bifoveal fixa- 
tion at one-third meter and the 3 diopters 
of accommodation required for clear vision 
at one-third meter represents what the 
minimum power of the near “add” should 
be. For example, an emmetrope has an ab- 
normal accommodation-convergence asso- 
ciation reflex of the type in which an ex- 
cessive amount of convergence is associated 
with each unit of accommodation. The 


vision is perfect and orthophoria is present 
while fixating at 6 meters. While seeing 
clearly at one-third meter, esotropia of 30 
prism diopters develops. Plus one diopter 
lenses placed before the eyes reduce the 
esotropia to 20 prism diopters while the 
20/30 Lebensohn symbol is identified at 
one-third meter. Plus one and one half di- 
opters lenses reduce to 15 prism diopters 
the excessive convergence associated with 
the one and one half diopters of accom- 
modation required to see clearly at one- 
third meter. The 15 prism diopters of ex- 
cessive convergence is within the ampli- 
tude of relative fusional divergence which 
neutralizes it from an esotropia to an eso- 
phoria. Thus, plus one and one half diop- 
ter lenses in this example permit clear bi- 
foveal vision at one-third meter and con- 
sequently are the minimum plus power 
which the near “adds” ideally should be. 


The orthoptic technician is more blessed 
than the average ophthalmologist since the 
amplitude of relative fusional divergence 
can be directly determined with ease on 
a haploscope. In such an instrument the 
accommodation can be controlled rather ac- 
curately while reading foveal target material 
on slides, and at the same time the 
fusional divergence is measured by moving 
the arms of the machine. Acquiring a di- 
rect measurement of the amplitude of rela- 
tive fusional divergence is of great value 
to the orthoptist since an abnormal mea- 
surement requiring treatment would be re- 
vealed as well as a standard established by 
which progress of treatment could be mea- 
sured. 


An accommodative esotrope with bifo- 
veal fixation ability can be attacked by or- 
thoptics, in one of two directions. One, the 
accommodative esotrope can be taught to 
substitute bifoveal fixation in place of clear 
vision. This is substitution therapy since 
one accomplishment is gained at the ex- 
pense of sacrificing another. There is a 
legitimate place for such substitution ther- 
apy. Two, orthoptics can increase the rela- 
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tive fusional divergence amplitude so that 
clear vision and bifoveal fixation become 
simultaneously possible. So far as I can 
determine, no treatment, orthoptics in- 
cluded, alters the manner in which accom- 


modation and convergence are reflexly asso- 
ciated. If orthoptics improves accommoda- 
tive esotropia, the improvement can be 
measured by recording an increase in the 
relative fusional divergence amplitude. 
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CLINICAL COURSE AND MANAGEMENT 


FRANK D. COSTENBADER, M.D. 
WASHINGTON, D. C. 


THE RECOGNITION, evaluation and man- 
agement of accommodative esotropia is dif- 
ficult, since its manifestations are varied and 
the professional attitude toward the condi- 
tion differs greatly from one geographical 
location to another, and among individuals 
within the same geographical location. This 
confusion is not simplified by the fact that 
there is not a universally accepted definition 
of accommodative esotropia or of other 
relevant terminology. 


When examining cases of esotropia, three 
distinct subgroups will be recognized. First, 
there is the constant deviation, which has 
been variously called “mechanical,” “fixed,” 
or “nonaccommodative.” This patient has 
a constant deviation not materially influ- 
enced by the full correction of the refrac- 


tive error. Second, there is the esotrope 


who, under some _ circumstances, has 
straight eyes, and under others, has a varia- 
ble deviation. This is the so-called accom- 
modative or intermittent esotrope. Third, 
there is a quite large group of persons who 
have some element of each, both accom- 
modative and nonaccommodative. A cer- 
tain irreducible minimum of deviation is 
present (the nonaccommodative element) 
and superimposed upon this is a variable 
element, which seems to vary with the 
amount of accommodation being used and 
circumstances of its use (the accommoda- 
tive element). Our discussion will be 
limited to the intermittent or accommoda- 
tive group. 

As has been recognized by Dr. Parks’ 
discussion, accommodative esotropia may 
be divided into two chief groups. They are 
Read at the annual Joint Meeting of the American 


Orthoptic Council and the American Association of 
Orthoptic Technicians, Oct. 13, 1953, Chicago, Il. 
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(1) those associated with an excessive hy- 
permetropia and having a normal accom- 
modation-convergence ratio, and (2) those 
usually associated with a smaller hyperme- 
tropia, but having an abnormal accommo- 
dation-convergence ratio. It should be rec- 
ognized that the size of the refractive error, 
the accommodation-convergence ratio, the 
adequacy of the relative fusional divergence, 
the state of the foveal vision, and the size 
of the basic heterophoria may cause cer- 
tain intermediate or atypical clinical pat- 
terns. The presence or absence of bifoveal 
fixation is of especial significance in man- 
agement and prognosis. Nonetheless, most 
cases of accommodative esotropia are due 
either to the hypermetropia present or to 
an abnormal accommodation-convergence 
relationship which is inadequately control- 
led, and they will be so discussed. 


HISTORY AND COURSE 


The typical history of accommodative 
esotropia is that of an intermittent devia- 
tion which was usually first noticed be- 
tween the ages of 18 months and 5 years. 
The occurrence may be infrequent at first, 
usually at times of fatigue, emotional upset, 
illness, or with near activity. The onset is, 
at times, accompanied by a period of visual 
confusion, actual diplopia, awkwardness, or 
irritability, which, however, usually lasts 
only from a few days to a few weeks. 

As time goes on, this intermittent devia- 
tion may follow one of several courses. 
First, there may be a continuing intermit- 
tency for both distant and near gaze, be- 
ing present only when the patient is ac- 
commodating, and alleviated when accom- 
modation relaxes. Second, it is possible 
that the patient may continue to have 
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straight eyes for distant gaze but be almost 
constantly esotropic at near gaze, particu- 
larly when accommodating. Third, the in- 
termittent deviation may become increas- 
ingly frequent until after a time, the devia- 
tion is constantly present. A portion of 
these last may be relieved by the full hyper- 
metropic correction, at times associated 
with orthoptics; while in others the con- 
stant deviation will persist in spite of wear- 
ing a full hypermetropic correction. It is 
apparent that this last subgroup has de- 
veloped a nonaccommodative element, 
though initially it seemed completely ac- 
commodative in nature. 

The reasons for the difference in behavior 
in various early intermittent esotropes are 
not fully apparent. However, the basic eso- 
phoria, the size of the refractive error and 
the state of the relationship between ac- 
commodation and convergence would seem 
to be major factors in their behavior, as 
has been emphasized by Dr. Parks. 


CLINICAL FINDINGS 


1. Accommodative Esotropia Having a Nor- 
mal Accommodative-Convergence Ratio 


I would like to point out, as I go along, 
that in the two major groups there are 
certain very definite points of similarity 
but there are also two or three outstanding 
points of dissimilarity, and the points of 
dissimilarity are important because they in- 
fluence so profoundly the approach and the 
treatment of this problem. 

The deviation may behave in one of 
two ways in the group having a normal 
accommodative-convergence ratio. The pa- 
tient may have straight eyes for distance 
and near until attempting to see clearly, 
at which time the esotropia occurs. How- 
ever, binocular alignment is restored as 
soon as the accommodation relaxes. On the 
other hand, certain cases may initially fol- 
low such an intermittent pattern but soon 
become constantly esotropic when not wear- 
ing glasses, even when not accommodating. 
However, the deviation will be eliminated 
by the proper refractive correction. The 


characteristic of the entire group is that the 
proper single hypermetropic correction will 
alleviate the esotropia. 


The deviation in this group occurs in an 
individual who has a significant hyperme- 
tropia (2 to 6 diopters) often associated 
with astigmatism. Since the accommoda- 
tion-convergence relationship is normal, 
the deviation is relieved by a full hyper- 
metropic correction and the eyes are straight 
for both distant and near gaze. 


In the accommodative esotropia with 
normal accommodation-convergence ratio, 
the absolute accommodation and the ac- 
commodation-convergence relationship are 
usually normal. The problem is not one of 
a deficient accommodation mechanism, nor 
of one poorly balanced with convergence. 
Rather it is one of a normal mechanism be- 
ing excessively stimulated through a large 
hypermetropic error, and responding with 
an undesired convergence. 


Since the onset of the deviation is usually 
after the age of 2 years, amblyopia is not 


severe and responds well to treatment un- 
less a significant anisometropia or organic 
reduction in vision is present. The pres- 
ence of anisometropia jeopardizes a final 
good visual result, somewhat in proportion 
to the degree of anisometropia present. 
For example, a higher percentage of pa- 
tients having a refractive difference of 2 
diopters will be amblyopic than those hav- 
ing a difference of only 1 diopter in the 
two eyes. The age of onset of the strabis- 
mus, the duration of the deviation, and the 
amount of anisometropia would seem to be 
significant factors in the cause and the treat- 
ment of amblyopia. 


Retinal correspondence is normal, since 
the onset of the deviation is relatively late 
and binocular single vision has had some 
opportunity for early reinforcement. How- 
ever, the persistence of a variable deviation 
does make suppression a frequent finding, 
especially foveal suppression, and the over- 
coming of this defect is a major item in 
treatment. 
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In general, fusion and fair fusional ver- 
gences can either be demonstrated early 
during the period of observation or may 
be easily restored and enhanced in this 
form of strabismus. 


The clinical picture of the average ac- 
commodative esotrope with normal accom- 
modation-convergence ratio is, then, that 
of a child who has a variable esotropia be- 
ginning after the age of 2 years, which is 
compensated for distance and near by a 
moderate to high hypermetropic correction. 
Amblyopia is not severe. Suppression is 
present but can be overcome. Fusion is 
present or can be easily restored. The prog- 


nosis is good. 


Il. Accommodative Esotropia with Abnor- 
mal Accommodation-Convergence Ratio 


The behavior of the deviation is quite 
characteristic of this type of strabismus. The 
eyes are straight for distance, though at 
times a small intermittent esotropia may 
manifest itself, especially when the patient's 
refractive error is not fully corrected and 
he is visually attentive to details. However, 
when attempting to see any visual detail 
at 13 inches, there is a large esotropia, even 
when the full distance correction is being 
worn. This deviation, however, may be 
alleviated by the addition of a plus sphere 
to each eye. Now, having clear vision with 
a minimum of accommodation, the eyes 
are straight for distance and near, and the 
diagnosis is confirmed. 

When examined under atropine, the so- 
called abnormal accommodation-conver- 
gence ratio case demonstrates an insignifi- 
cant refractive error, often less than 1 diop- 
ter of either hypermetropia or myopia. 

Since the refractive error is not abnormal 
in size, other causes for the deviation must 
be found. The accommodation, when 
tested, may show several things of interest. 
First, the accommodation-convergence ratio 
is abnormal, i.e., a given amount of accom- 
modation calls forth an excessive amount 
of convergence. Second, the amplitude of 
relative fusional divergence is insufficient to 
compensate for the convergence present. 


Third, the near point of accommodation 
or punctum proximum of accommodation 
(presumably a measure of the absolute ac- 
commodation) is, in my experience, fre- 
quently remote. This suggests some basic 
defect in the accommodation mechanism. 


Whether the convergence in these cases 
is due to an exaggerated response to normal 
accommodative effort, or whether it is due 
to an excessive stimulation of a weakened 
accommodation, cannot at this time be defi- 
nitely stated. Possibly both are factors in 
the accommodative esotropia with abnor- 
mal accommodation-convergence ratio. 


Similar to the normal accommodation- 
convergence ratio type, since onset is after 
the age of 18 months, amblyopia is not se- 
vere, and visual acuity is rather readily re- 
stored. Suppression is present but not deep- 
seated because of the variability of the 
deviation. 


Fusion is potentially good, but the fu- 
sional vergences, especially when measured 
relative to a given amount of accommoda- 
tion, are inadequate for the amount of 
convergence called forth. This presents a 
major problem in treatment. 


The outstanding characteristics of this 
group are, then, (1) an insignificant re- 
fractive error, (2) small or no deviation 
at 20 feet, and a larger variable deviation 
at 13 inches, (3) an abnormal accommo- 
dation-convergence ratio, and (4) inade- 
quate relative fusional divergence for the 
case under consideration. 


It should not be inferred from the de- 
scription of the two types of esotropia 
above that all findings are so absolute. 
Many cases are intermediate between the 
two types. Thus they would have a mod- 
erate hypermetropia and, in addition, while 
the eyes are straight with full correction 
at 20 feet, definite esotropia persists at 13 
inches until plus spheres are added. This 
intermediate group has a deviation which 
is due both to the accommodation induced 
by the refractive error and to an abnormal 
accommodation-convergence ratio. 
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MANAGEMENT 

The goals in the treatment of all stra- 
bismus are (1) good vision in each eye, 
(2) good ocular alignment, and (3) good 
binocular vision under all possible circum- 
stances. As has been pointed out before, 
deviation of very early onset, delay in treat- 
ment, and asymmetry in ocular findings 
greatly interfere with reaching these goals. 
More specifically, the presence of anisome- 
tropia, incomitance, a nonaccommodative 
element, or fixation disparity makes treat- 
ment more difficult. 

Since the case of purely accommodative 
esotropia has the ability to assume the 
straight position when circumstances are 
favorable, the treatment is primarily di- 
rected at improving visual acuity, providing 
the proper spectacle correction to keep 
alignment secure, improving fusion, and 
normalizing or making more flexible the 
relationship of accommodation and conver- 


gence. 
The treatment of amblyopia will be dis- 
cussed by Miss Tibbs. Suffice it to say that 


occlusion should be complete at first, and 
sufficient to maintain good vision after it 
has been attained. Amblyopia will recur if 
anisometropia is present and if fairly se- 
cure vision has not been established. 

The proper strength spectacles will usual- 
ly straighten the eyes of all accommodative 
esotropes. In the type with a normal ac- 
commodation-convergence ratio, single con- 
vex lenses of the proper strength will be 
satisfactory. In the abnormal ratio type, 
bifocals are necessary to allow the proper 
alignment as much of the time as possible. 
The earlier and the more constantly the 
visual axes are aligned, the greater will be 
the opportunity for establishing secure bin- 
ocular vision. 

The proper strength spectacle is deter- 
mined as follows: (1) an atropine refrac- 
tion establishes the amount of the refrac- 
tive error present; (2) in patients below 
the age of 4, and at times below the age 
of 6 years, the full strength must be pre- 
scribed since an estimate of the minimal 
needs cannot be obtained. (3) In children 


sufficiently mature, a postcycloplegic ex- 
amination is done. The full cycloplegic 
finding is placed in a trial frame. Then 
while the patient is maintaining clear 20/ 
30 vision on the Snellen chart at 20 feet, 
the hypermetropic correction is simultane- 
ously reduced 0.5 diopter in each eye. Each 
time a reduction is made, cover-uncover is 
done to determine whether bifoveal fixa- 
tion is being maintained. This progressive 
reduction in sphere is continued until an 
obvious esotropia is manifest or demon- 
strated by cover-uncover (not by rapid al- 
ternate cover). 

The weakest correction which would al- 
low bifoveal fixation and 20/30 vision is 
considered the correct one. 

(4) A similar examination is done at 
13 inches, beginning with full cycloplegic 
correction and a +3.00S add O.U. The 
progressive reduction is made while the 
patient is identifying a 20/30 symbol on 
a near vision chart. Again, the weakest 
spherical correction allowing bifoveal fixa- 
tion and 20/30 vision is the proper cor- 
rection for near. If the minimal needs for 
20 feet and 13 inches differ by more than 
1 diopter, bifocals should be ordered, in- 
corporating the two minimal corrections. 
(5) At least once in six months and at 
times oftener, the “minimal correction” 
should be determined and the glasses re- 
duced if the change is appreciable. Care 
should be taken to maintain an adequate 
strength of lens during spells of prolonged 
illness and during the winter when the 
eyes are being used heavily. 

(6) The progressive reduction in glas- 
ses may be aided by the use of minus fit- 
overs in grades of 0.5 diopter. These are 
used in conjunction with orthoptic proced- 
ure as will be described by Miss Tibbs and 
Mrs. Kramer. (7) Eventually many accom- 
modative esotropes will maintain bifoveal 
fixation securely with no refractive help for 
20 feet and a reduced strength for 13 inches. 
At such times reading glasses only are or- 
dered. There is a reasonable hope that any 
young accommodative esotrope having a 
hypermetropic error of less than 4 diopters 
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may eventually be able to discard glasses, 
at least for general wear. 

It should not be assumed that the sim- 
ple progressive reduction in glasses is ade- 
quate treatment. Other things are impor- 
tant. Orthoptics is most important in treat- 
ing the accommodative esotrope. As will 
be demonstrated by Miss Tibbs and Mrs. 
Kramer, the reasonable sequence of orth- 
optic treatment is as follows: (1) The best 
possible visual acuity in each eye is obtained 
(this may be done by the ophthalmologist 
or the technician under his supervision), 
(2) suppression is overcome, (3) diplopia 
is encouraged, (4) fusion is stimulated, 
(5) fusional amplitudes are improved, and 
(6) accommodation and convergence are 
dissociated. This treatment is frequently 
carried on during the period of time that 
the progressive reduction of glasses is be- 
ing carried out. 

In general, there are three or four quali- 
fications for the beginning of orthoptic 
treatment. First, the patient must be suffi- 
ciently mature to understand and continue 
with binocular training over the necessary 
length of time. Usually this requires that 
the child be of school age. Second, vision 
must be sufficiently good in each eye so 
that binocular training can be reasonably 
engaged in. This usually requires a vision 
of 20/50 or better in each eye, though at 
times certain things may be done when the 
vision is poorer. Third, the parents must 
be sufficiently intelligent and interested to 
offer full cooperation for the home train- 
ing, as well as getting the child to the office, 
when necessary. Fourth, and finally, the 
referring ophthalmologist must have a rea- 
sonable understanding of what is being 
done, and an intelligent interest in further- 
ing the aims of the treatment. 

Medication seems to be a reasonable ad- 
junct to some of this treatment. We do 
not use atropine for treatment. It is our 
opinion that prolonged atropinization does 
not prevent accommodative effort. Rather, 
the constantly blurred image encourages 
accommodative effort, and with this in- 
creased effort, convergence is also exag- 


gerated. Some of us, however, use miotics. 
Most recently we have been using DFP 
(di-isopropyl fluorophosphate) 0.02 per 
cent to 0.03 per cent, one drop daily in 
each eye. This causes a smaller pupil and 
some increased ciliary tonus, thus allowing 
a given amount of accommodation with 
less accommodative effort. The early re- 
sults of the use of DFP are encouraging, 
especially in cases having an abnormal ac- 
commodation-convergence ratio with in- 
adequate relative fusional divergence. 

While surgery seldom is wise in accom- 
modative esotropia, at times it may be help- 
ful. This is only true if the basic esophoria 
is at least 10 prism diopters, and the rela- 
tive fusional divergence is inadequate. Sur- 
gery seldom is wise. 

It is important to recognize the role 
played by the general health and the state 
of the nervous system. A vacation with a 
minimum of eye activity, a regular daily 
schedule, and a minimum of stimulating 
activities such as movies and television, all 
seem to help the accommodative squinters. 

In brief summary, it should be pointed 
out that there are two chief forms of ac- 
commodative esotropia. The normal ac- 
commodation-convergence ratio type has a 
moderate to high hypermetropia which 
causes an esotropia for distance and near 
on accommodation and is compensated by 
the proper single lens. The abnormal ac- 
commodation-convergence ratio type has a 
negligible refractive error, little or no eso- 
tropia at 20 feet, but definite deviation at 
13 inches on accommodation. This devia- 
tion is alleviated by the proper bifocal spec- 
tacles. The treatment of accommodative 
esotropia is the wearing of glasses from as 
early in life as possible in order to main- 
tain binocular alignment. Amblyopia must 
be overcome and vision reinforced by peri- 
odic occlusion. At the school age, orthoptic 
procedures will improve fusion and fusional 
amplitudes, making it possible to reduce 
progressively the strength of the glasses 
worn. Thus the goal of good vision and 
good alignment with the minimum of arti- 
ficial aid may be frequently attained. 
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OFFICE TRAINING 


ALEATHA J. TIBBS 
WASHINGTON, D. C. 


THE PANEL appreciates the fact that 
some of the following procedures and tech- 
nics will not lend themselves to every oph- 
thalmologist’s office, but a sufficient number 
can be done by any office to make their 
description worth while. 

The technician must have an adequate 
knowledge of the ophthalmologist’s findings 
and an understanding of the orthoptic 
steps to be followed. A good relationship 
between the technician, the child and the 
parent is also of utmost importance. 

The goal of orthoptic treatment is (1) 
securing the best possible vision in each 
eye, and (2) attaining good single binocu- 
lar vision by (a) dissociating the function 
of the accommodation and convergence re- 
lationship and (b) establishing the proper 
harmonious relationship between the two. 

The essential findings from the ophthal- 
mologist are (1) the refractive error de- 
termined under full cycloplegic, and (2) 
the prism and cover measurements with 
correction under cycloplegic while not ac- 
commodating. Other helpful findings are: 
vision O.D. and O.S.; punctum proximum, 
or the point conjugate to the retina when 
the eye is accommodating to its maximum 
ability; amplitude of relative fusional di- 
vergence; deviation cc at 20 feet, and sc 
while accommodating at 20 feet, cc at 13 
inches, and sc while accommodating at 13 
inches, cc add +-3.00S at 13 inches; ocular 
rotations. 

The orthoptic technician should have a 
working knowledge of refraction. Whether 
the case is purely accommodative or is ac- 
commodative combined with a nonaccom- 
iunnual Joint Meeting of the American 


and the American Association of 
Oct. 13, 1953, Chicago, Il. 


Read at the 
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modative element, the orthoptic treatment 
is the same for the purely accommodative 
factor. 


The reasonable sequence of treatment is 
as follows: 


The treatment of amblyopia 

The overcoming of suppression 
The stimulating of diplopia 

The improving of fusional vergence 
amplitudes 

Dissociation of accommodation and 
convergence (relative fusional ver- 
gence ) 


1. AMBLYOPIA 


While the amblyopia is not usually of 
severe degree, the vision must be brought 
to the best possible level in each eye. The 
responsibility for this task may fall to the 
ophthalmologist, or, at times, may be as- 
signed to the orthoptic technician. In gen- 
eral, it is Customary to use adhesive occlu- 
sion on the face over the fixating eye con- 
stantly until the vision has improved to 
20/50 or better in the deviating eye. At 
this point, certain types of occlusion upon 
the glasses may be used. There are cellu- 
loid clip-on occluders of various styles, the 
multi-facet lens as exemplified by the 
American Optical Company occluder lens, 
adhesive tape pasted on the posterior face 
of the lens, or translucent paper such as 
Permafilm or music mending tape pasted 
upon the posterior face of the lens. It 
should be recalled that any type of occlu- 
sion which is applied to the glasses frame 
or lens may not be fully effective because 
of peeking. Peeking, however, may often 
be avoided by the ophthalmologist putting 
one drop of atropine in the occluded eye 
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daily as long as peeking persists, and ter- 
minating it when the peeking has stopped. 
Obviously, the higher the refractive error, 
the more effective is this atropine as a 
supplement to occlusion. The patient should 
have good and nearly equal vision before 
beginning dissociation treatment. 


2. THE OVERCOMING OF SUPPRESSION 


The next step in the treatment of accom- 
modative esotropia is the eradication of 
foveal suppression. The child is placed on 
the major amblyoscope with the suppres- 
sing eye fixating a foveal dot or any foveal 
target. The picture is held stationary while 
the dominant eye fixates a circle into which 
the dot barely fits. The child is instructed 
to move the circle until the dot is imme- 
diately to the left side of it, and then 
move it to the right side. At first the dot 
will skip from one side to the other with- 
out going through the circle. When the 
patient has achieved the centering of the 
dot in the circle (superimposition), a fo- 
veal fusion target is placed in the major 
amblyoscope, and if there is no suppres- 
sion, training of fusional amplitudes is 
started. 


3. THE STIMULATING OF DIPLOPIA 


Diplopia exercises are carried through- 
out the whole series of treatment. Before 
doing these exercises, the patient must be 
taught the difference between straight and 
crossed eyes. If, with correction, the pa- 
tient is straight for near, the correction 
is then removed; if he wears bifocals, he 
looks through the top segment while he 
fixates a target 13 inches away. The reason 
for this is that the images will be closer 
together when looking through the top 
segment than they are without correction, 
thus making it easier to recognize double 
vision. A red filter is then placed over the 
squinting eye, and as the patient fixates 
the white light with the dominant eye and 
the technician covers and uncovers the eye 
behind the red filter, the red light begins 
to blink on and off. As the covering and 
uncovering is slowed down, he should ap- 


preciate homonymous diplopia. While he 
continues to fixate the white light, the red 
filter is moved on and off until he can 
hold diplopia without the red filter. 


He should also be able to appreciate 
diplopia on a small picture with print. 
He must learn to recognize that at this 
point in his training clear vision means 
crossed eyes and blurred vision means 
straight eyes. When he has learned to ap- 
preciate diplopia with crossed eyes, con- 
fusion results, the diplopia is unacceptable, 
and he straightens his eyes to avoid it. If 
he has difficulty in straightening, plus three 
spheres are held in front of his eyes while 
he fixates a light 13 inches away. If he 
does not cross his eyes when the plus 
threes are removed, he will have blurred 
vision. He must learn to cross and 
straighten voluntarily. With his glasses off, 
the same procedure is done on a vision 
chart at 20 feet. To ensure cooperation, it 
is helpful to draw a picture of straight 
and crossed eyes and explain why it is 
necessary to see two things. 


4. THE IMPROVING OF FUSIONAL 
VERGENCE AMPLITUDES 


There are two types of fusional ampli- 
tudes to be considered; convergence and di- 
vergence where accommodation is not con- 
trolled, and relative fusional divergence 
where accommodation is controlled. 


a. Good fusional convergence and good 
fusional divergence with correction must 
be established. In measuring this ampli- 
tude, the end point is diplopia. The con- 
vergence amplitude is of utmost impor- 
tance. One cannot maintain straight eyes 
and do near work unless he has a normal 
fusional convergence. The child who squints 
has forgotten how to converge properly 
and has to be taught, or he may have 
squinted since an early age and has never 
used this function. If he is taught only to 
maintain an orthophoric position of his 
eyes at distance, and taught only to diverge, 
the orthoptist has gone only half-way in 
curing his condition. When he can diverge 
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approximately 5 diopters and converge ap- 
proximately 40 diopters on the major am- 
blyoscope, he is ready for dissociation of his 
accommodation and convergence. 


b. Relative fusional divergence. When 
the patient can fuse a foveal target at or 
near zero on the major amblyoscope and 
read with clear vision when fully corrected, 
minus lenses should be inserted, —0.50 S 
at a time, and divergence to an end point, 
which is indicated by blurred vision or 
diplopia, should be stimulated. The same 
procedure may be followed for the read- 
ing distance by adding minus 3.00 S to 
each eye, recalling that the “zero setting” 
would be 20 prism diopters convergent 
for a 60 p.d. The telebinocular, stereoscope, 
rotoscope and similar instruments may be 
used in the same manner. 


5. DISSOCIATION OF ACCOMMODATION 
AND CONVERGENCE 


The next step is to determine the mini- 
mal refractive correction which will give 
him single binocular vision while accom- 
modating distance and near. This has been 
discussed by Dr. Costenbader, but I wish 
to emphasize that it would seem to be a 
mistake to prescribe +-3.00 adds routinely 
instead of determining how little add is 
necessary to give the patient 20/30 vision 
with single binocular vision at near. When 
one is concerned with reducing glasses un- 
til the patient is able to have straight eyes 
without correction and with clear vision, 
he must be aware of the importance of al- 
lowing as much accommodative effort as 
necessary while maintaining straight eyes. 
It is just as important to give the minimal 
amount of correction which will allow sin- 
gle binocular vision and 20/20 at 20 feet. 


In treating accommodative esotropia, we 
are increasing the amplitude of relative 
fusional divergence. In order to eliminate 
changing the patient's glasses frequently 
as he learns to increase his relative fusional 
divergence, minus fit-overs are used in in- 
creasing strength until the glasses have 
been neutralized and the eyes are straight 


FIGURE 1. 


without glasses while accommodating. This, 
of course, must be done only with permis- 
sion from the referring ophthalmologist. 

If the patient can read 20/20 with cor- 
rection with straight eyes, a —0.50 S fit- 
over is placed over his glasses (fig. 1) and 
his state of binocular vision is determined 
while accommodating on the chart at 20 
feet. If with this —0.50 S he can read at 
least 20/50 or 20/40 with straight eyes, 
this strength fit-over is given for constant 
wear as well as for home exercises on the 
chart. Within a few days he will probably 
have single binocular vision with 20/20 
vision. When he can read 20/20 with the 
—0.50 S and keep straight eyes, fit-overs 
are progressively increased in strength until 
the glasses are neutralized. The same pro- 
cedure is continued until he is using the 
highest strength minus lenses that he can 
tolerate without asthenopia or strabismus 
and with 20/20 vision. This represents the 
outer limit of the relative fusional diver- 
gence. In the event the patient is wearing 
bifocals, there is a simultaneous reduction. 
The strength of minus lens that will allow 
him 20/20 vision with single binocular 
vision at near is given, until the bifocals 
are neutralized. Then the bifocals are re- 
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moved if pasted on, or covered if fused, 
and the same procedure carried out until 
he can read 20/20 without correction with 
straight eyes at near also. 


At times the distance correction reduces 
out of proportion to the near correction, 
and at other times hand in hand. Those 
children whose distance correction reduces 
out of proportion to the near correction 
have an abnormal accommodation-conver- 
gence ratio. Since such an abnormal ratio 
is manifested while accommodating at near, 
all out of proportion to the lesser amount 
of accommodation required for distance fix- 
ation, it is conceivable that an increase in 
the relative fusional divergence amplitude 
would be much more apparent at distance 
than at near fixation. 


Those ci..'dren whose distance correc- 
tion reduces hand in hand with the near 
correction have a normal accommodation- 
convergence ratio. As they can handle 
greater amounts of hypermetropia on their 
own with the improvement orthoptics has 


given them, their improvement is mani- 
fested equally at distant and near fixation. 


In the event the distance correction re- 
duces out of proportion to the near cor- 
rection, it is necessary to give two pairs of 
fit-overs, one for outdoor play and one for 
close work. May I emphasize that it is not 
advisable to increase the minus fit-overs 
more than one-half diopter at a time since 
several days are necessary to stabilize the 
new amplitude of relative fusional diver- 
gence. With the minus fit-overs worn at 
home the progress is much faster. In six 
weeks, many children with hypermetropia 


of +2.00 to +3.00 will completely disso- 
ciate; others take three to six months. 


In many cases in my experience, the 
amplitude of relative fusional divergence 
increases to a point which allows single 
binocular vision of about 20/70 without 
glasses for distance and near, but will not 
increase further. A longer period of time 
is required on each step of increasing the 
minus fit-overs and some cases do not re- 
spond even with longer periods of time; 
however, we have some hope for these 
cases, as Dr. Costenbader has pointed out, 
with the use of DFP in allowing these pa- 
tients to progress further. 


To make the patient doubly aware that 
his eyes are straight and fusing during the 
procedure just described, physiologic diplo- 
pia exercises are given, such as framing, 
hole in hand, the Walraven separator, and 
many others to be described by Mrs. Kra- 
mer. 


The metronoscope is excellent for de- 
veloping relative fusional divergence. As 
the child reads, base-in prisms are increased 
to the end point of diplopia or blurred vi- 
sion. Whatever strength of prism he can 
overcome in the office is given to him for 
home bar reading. 


For a month after the patient has ob- 
tained his maximum result, the intensive 
work should be carried on at home to sta- 
bilize the new relationship between ac- 
commodation and convergence. He should 
be seen once a month in the office for 
several months to check on his ability to 
maintain straight eyes without glasses or 
with reduced correction. 
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ORTHOPTIC TRAINING AT HOME 


LOUISA WELLS KRAMER 
WASHINGTON, D. C. 


THE IMPORTANCE of home training can- 
not be overemphasized in the treatment of 
accommodative esotropia. Exercises must 
be performed daily to effect a cure, and 
since it is impossible, in the average case, 
to see the patient in the office or clinic every 
day, the burden of the exercises must be 
placed on the parents and the child. In 
most cases this role falls to the mother. She 
must therefore be made to understand that 
exercises must be carried out daily and must 
be fitted into the schedule of family life. 
Explicit instructions are given to the moth- 
er regarding each type of current exercise. 
It is not enough to hand her a mimeograph- 
ed sheet of instructions on each exercise; 
this is indeed helpful, but she needs to see 
just how the ophthalmologist or orthoptic 
technician achieves the desired result. To 
this end, it is desirable to have the mother 
present in the treatment room the day the 
new home exercises are explained to the 
patient. 

Many of the ophthalmologists in our 
audience may not have the services of an 
orthoptic technician available but would 
still like to be able to prescribe home exer- 
cises for the accommodative squinter. To 
these physicians, I would suggest that 
mimeographed copies of instructions for 
home training be given to the parents, em- 
phasized by a concise explanation. The in- 
telligent parent will be able to carry out 
most of these exercises without taking too 
much of the doctor's valuable time. 


AMBLYOPIA TRAINING 
Total occlusion and the various types of 
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lens occlusion have been discussed in the 
preceding paper. The wearing of the oc- 
clusion, however, should be augmented by 
all forms of near work. This is especially 
important in the preschool child of the 
type who prefers to play outdoors all day 
long and whose toys are so large that they 
do not stimulate macular and foveal vision. 
The mother of this type of child should 
set aside an hour in the morning and an 
hour in the afternoon for crayoning, bead 
work, cutting pictures and other entertain- 
ing tasks of this nature. 

When the suppression becomes foveal 
only, and the vision has improved to within 
one line of the better eye, strip occlusion 
on the nasal side of the lens before the 
good eye seems to give better results than 
other types of occlusion. Music mending 
tape or Permafilm is used. This prevents 
use of the good eye when the patient is 
converging for near tasks and permits bin- 
ocularity whenever the visual axes are in 
the primary position. Thus, fusion is being 
and at the same time foveal 
suppression for near is being minimized. 
A red filter applied to the lens before the 
good eye is also helpful in stimulating vi- 
sion and breaking up foveal suppression, 
as Miss Tibbs has described. It is not neces- 
sary to use strip occlusion in the majority 
of cases where foveal suppression exists so 
long as the child is actively engaged in 
treatment in the clinic, as well as carrying 
out antisuppression exercises at home. 


stimulated 


ANTISUPPRESSION EXERCISES 
Preschool Age 


A red glass filter is placed before the 
good eye. Exercises are performed, such as 
sewing with red thread or yarn; jig-saw 
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puzzles, construction paper-work; stringing 
small seed beads; crayoning and tracing 
with red pencil. Since the red filter will 
obliterate the colors yellow, orange, pas- 
tel shades and white, many games can be 
utilized. Remember to place the red filter 
before the nonsuppressing eye. 


School Age 

A red filter is placed before the fixating 
eye. Stories can be typed in red and black 
print by the parent or willing friend for 
this exercise; the Dobson reader is also 
useful. Sewing and embroidery work are 
enjoyed by girls. Gimp and Indian-bead 
loom work is given to both boys and girls. 
The bead loom work seems to be the best 
exercise we have at our command for elim- 
inating foveal suppression, since the beads 
are very tiny and require foveal fusion. 
Boys are just as enthusiastic about it as 
girls, perhaps more so, since this particu- 
lar type of handicraft is a part of the Boy 
Scout program. Therefore, Indian belts, 
watch fobs, wrist-watch bands and book- 
markers are exhibited with great pride 
and a sense of achievement. To stimulate 
interest in home training, many clinics and 
offices utilize a bulletin board where varied 
types of handicraft are exhibited for all the 
patients to see. School children who have 
much home work are urged to wear the 
red filter and write their spelling and arith- 
metic assignments with a red pencil. I 
have yet to find a teacher in any of our 
public, private or parochial schools who 
will not accept home work in red pencil 
when the reason is explained. 

The small American-made cheiroscope 
for tracing can be prescribed at any age 
and does much to remove suppression. The 
red filter is not worn while performing 
this exercise. 

As Miss Tibbs has explained, diplopia 
exercises are taught in the office and carried 
out as a home exercise. Although a simple 
exercise, it is not always thoroughly under- 
stood, so that for purposes of emphasis, the 
technic is reiterated. The child’s correc- 
tion is removed and a red filter is placed 


before the squinting eye. He is taught to 
squint voluntarily, appreciating homony- 
mous diplopia and maintaining it. A great 
many patients will cross the good eye when 
asked to perform this act, since they do not 
want to relinquish the suppression reflex 
they habitually manifest when the squint- 
ing eye is turned in. If the good eye is 
permitted to cross to achieve diplopia, 
nothing has been gained in eliminating 
suppression of the squinting eye. Occa- 
sionally, it takes two to three weeks to 
teach a child to cross the squinting eye and 
appreciate diplopia on a light. This exer- 
cise is performed on various lights at home, 
i.e., ceiling lights, lamps, television, small 
and large flashlights, both at distance and 
near. As soon as the child can get imme- 
diate diplopia on a light whenever he 
wishes, the red filter is removed and diplo- 
pia is sought looking at objects of all sizes 
and at varying distances. 


When diplopia is firmly established in 
the squinting act, physiological diplopia is 
taught. At first the patient wears his glas- 
ses to perform this function and uses a 
pencil to “frame” objects. By “framing” 
we mean that when fixating an object such 
as picture on the wall, he can appreciate 
two pencils. By varying the distance of 
the pencil from the eyes he can place the 
two images so that they appear at the edges 
of the object fixated. He is then given bar 
reading with the standard bar reader or 
a cardboard separator made from a piece 
of stiff cardboard with a tongue depressor 
affixed to the edge farthest from the eyes. 
These can be made within a few minutes. 


FUSIONAL AMPLITUDE 


If the fusional amplitude with the glasses 
is deficient, a hand stereoscope is prescribed, 
using cards with a base-in effect for diver- 
gence and base-out effect for convergence. 
Some of these charts are the Keystone, 
Dvorine and Wells sets. Home-made charts 
can easily be made utilizing two stickers 
placed on a piece of cardboard with sticker 
stars or dots for control markings. 
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DISSOCIATION OF ACCOMMODATION 
AND CONVERGENCE 


As soon as the fusional amplitude is nor- 
mal with glasses, exercises to dissociate the 
convergence and accommodation are begun. 
A visual acuity chart for home exercise is 
prescribed. Large uncluttered pictures are 
substituted for a visual acuity chart for the 
preschool child and can be set up 20 feet 
from the patient. Very small pictures with 
foveal detail are used for near and are 
easily handled if pasted on a tongue de- 
pressor. For the school child who can read, 
the advertisements sheets in the newspaper 
can be used. The child practices accommo- 
dating without glasses, i.e. clearing his vis- 
ion, while inhibiting his excessive conver- 
gence, with resultant straight eyes. The goal 
is to read smaller and smaller print. This 
exercise is performed not only in the house 
on the pictures, visual acuity chart and 
printed matter, but is executed outdoors 
using street-signs, license plates, signboards 
and advertisements on trucks. He is in- 
structed that there is no time limit on this 
exercise and that the more he practices the 
sooner he will begin to clear his vision 
while keeping eyes straight. The child who 
constantly asks “How long must I do this 
exercise every day” is the child who makes 
slow progress. If the ophthalmologist and 
the orthoptic technician can stimulate the 
patient to try this at every available oppor- 
tunity during the day, he is soon rewarded 
by clarity of vision with weaker or no 
glasses. 


As it has been stated in the three pre- 
vious papers, the patient who can maintain 
single binocular vision for near with his 
distance correction, does not need a bifocal 
and has a normal or nearly so amplitude of 
relative fusional divergence. Home instru- 
ments that can be prescribed for cases that 
fall in this category are: 

For distance use Stereoscope or Correct- 
eyescope, View Master, and True-View. 
For near use Stereoscope or Correcteye- 
scope, Walraven Bar Separator, Remy Sep- 
arator, and Diploscope. 


Cases requiring bifocals have an abnor- 
mal accommodation-convergence ratio be- 
cause they have inadequate relative fusional 
divergence. Therefore this type of patient 
needs special home exercises at the near 
point to develop this function. It is gen- 
erally unnecessary to prescribe exercises for 
distance. Home exercises at the near point 
are outlined as follows: 

Stereoscope. Set at near point and leave 
there so that the convergence is fixed. Use 
Keystone Delta, Alpha and Gamma base- 
out charts, Dvorine, Wells One and Target 
sets. Start with the maximum base-out 
chart in the series and work gradually to 
the orthophoric chart. This stimulates the 
relative fusional divergence. 


If the Correcteyescope is used, split 
slides can be employed at the near point. 
There are many reading charts, graded as 
to visual acuity, which can be obtained. 


Orthofusor base in. The Orthofusor base 
in should be placed at a fixed distance from 
the eyes. It can be propped on a table in 
front of the patient, with instructions to 
him not to vary the distance from his eyes. 
The distance must be fixed because the 
change in relative fusional divergence is 
induced by the disparity of the images on 
each succeeding picture. If minus fit-overs 
are used while performing this exercise, it 
increases the relative fusional divergence. 


Orthofusor base out. Converging exer- 
cises are given in this exercise while main- 
taining the proper amount of accommoda- 
tion for single binocular vision. 

Walraven bar separator. This is a de- 
vice for near work which makes separator 
reading more comfortable since the reading 
material is placed on the instrument at a 
fixed distance. With the minimal correc- 
tion necessary to hold the patient’s eyes 
straight while accommodating for near, he 
must be conscious of the two separators 
(i.e., physiological diplopia) while he fix- 
ates the center of the page. A set of cards 
for practicing steady single binocular vision 
comes with the instrument. Unless the 
fusion is secure, the patient will alternate: 
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-onsequently the parent and the child must 
be attentive and alert during this exercise. 
One of the cards that is supplied with the 
instrument is worth mentioning. You will 
note that the card shows 17 A’s. The pa- 
tient points to the A in the center which 
appears in the middle of the two sepa- 
rators if he is maintaining fusion. By 
counting from right to left, adding only 
one A at a time, he goes into fusion and 
out of fusion as he moves away from the 
center. He learns to do this until fusion 
is instantaneous when he is in the fusional 
area, thus overcoming diplopia or suppres- 
sion. When he can perform this exercise, 
he is ready for the same exercise on fine 
print. A page from a printer's type cata- 
logue is given him for home use. He is 
then ready to graduate to reading books 
and writing on the separator. School home 
work such as spelling and arithmetic can 
be performed on the Walraven Bar Sepa- 
rator. 

Minus fit-overs. For those who cannot 
immediately dissociate the convergence and 
accommodation and thus remove glasses, 
minus fit-overs are prescribed by the at- 
tending ophthalmologist. The orthoptic 
technician can keep the ophthalmologist 
in charge informed as to how much reduc- 
tion in strength of his correction the pa- 
tient can take and still maintain single 
binocular vision and have clear vision for 
distance and near. It has been our policy 
in Washington to have in our offices and 
clinics, fit-overs of —0O.5O sph. to 
—3.00 diopters, in half diopter increasing 
strengths. It is often possible to increase 
the strength of the minus lenses 0.50 D. 
every ten days to two weeks. Sometimes 
there is an overestimation of the patient's 
ability and on the next visit the fit-over 
has to be changed to a weaker strength. 
The purpose of the fit-over is to increase 
the patient's ability to exercise his ampli- 
tude of relative fusional divergence. It also 
has the added advantage that the correc- 
tion does not have to be changed nearly so 


often, thereby eliminating unnecessary ex- 
pense to the patient. 


The child wears the fit-overs all day. 
This speeds up his ability to accommodate 
so that even during school hours he is be- 
ing exercised. Let me emphasize the fact 
that diplopia in the squinting act must be 
an established function before minus fit- 
overs are prescribed; otherwise, he might 
squint with the reduction in his correction 
and suppress, and not know that his eyes 
are crossed, With the constant threat of 
diplopia over him, he learns to maintain 
single binocular vision and use his relative 
fusional divergence. 


If the devices and instruments mentioned 
are used daily, the treatments at the office 
or clinic can be markedly reduced. The 
length of treatment to effect a cure is de- 
termined solely in most cases, by the co- 
operation of the parent and child in carry- 
ing out the home training with enthusiasm. 
It has been our experience during the last 
year that since the use of the minus fit- 
overs ‘ias been added to our armamentar- 
ium, the length of treatment to cure an 
accommodative esotropia has been reduced 
by many months. 


As Dr. Costenbader and Miss Tibbs have 
emphasized, not all our cases are easy ones. 
Difficult conditions are encountered such 
as the child with the remote punctum prox- 
imum possibly due to constitutional factors; 
borderline fixation disparity cases which 
probably never do secure bifoveal fixation; 
the bifocal cases which have little or no 
refractive error for distance and whose rela- 
tive fusional divergence is resistant to any 
of the exercises outlined; and the cases of 
heterophoria with divergence insufficiency 
that almost attain the goal and then 
suddenly regress. However, despite the dis- 
appointments, the larger number of cases 
we do help and cure make the effort in- 
volved seem very worth while, and stimu- 
late us to still further research in our solu- 
tion of the more difficult cases. 
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IN THE analysis of the various oculomo- 
tor problems a knowledge of the anatomic 
background is fundamental. In this presen- 
tation, certain anatomic data will be pre- 
sented which are the basis for abnormal 
muscle action and a knowledge of which 
is essential to a correct analysis of many 
oculomotor problems. The discussion will 
be limited to but one phase of the subject; 
namely, anatomic considerations of the 
peripheral oculomotor mechanism. 


The peripheral oculomotor mechanism 
may be divided into two parts, the vertical 
and the horizontal extrinsic muscles and 
their respective surrounding fascial struc- 
tures. It is important to appreciate the fun- 
damental anatomic and physiologic differ- 
ences between the vertical mechanism and 
the horizontal mechanism. Not only do 
they have separate brain centers but the 
peripheral mechanism is fundamentally 
different. Diagnostic interpretation de- 
mands an appreciation of this fact. 


Anatomic and physiologic evidence 
points to a factor of stability in vertical 
muscle balance. The integration of the 
various types of muscle action (vertical, 
horizontal and torsional) which is present 
in varying degrees as the gaze is shifted 
from place to place necessitates a stable 
vertical mechanism. The arrangement of 
the four vertical muscles represents the 
most economical way in which to achieve 
both a vertical movement free of torsion, 
following Listing’s law, and a torsion of the 
eyeball where this is needed. 

This stable vertical balance seems essen- 
tial in the binocular act, permitting the 
horizontal component to retain the high 
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degree of flexibility necessary for accom- 
modation and convergence. 


Certain data indicate the stable nature 
of the vertical mechanism. 


1. Stability of the vertical muscles is 
present at birth; the newborn possesses the 
power of conjugating the eyes in vertical 
movements. In contrast, horizontal move- 
ments are poorly conjugated at birth and 
require months before becoming  stabil- 
ized. Indeed, full stabilization usually does 
not occur for several years, and even then 
the horizontal movements retain a varia- 
bility which permits a wide range of flex- 
ibility and may under unfavorable condi- 
tions easily lead to instability. 


2. Embryology of the vertical muscles 
points to a factor of stability. A study 


of the developmental stages shows that a 
definite pattern in the arrangement of the 
vertical muscles is present at the earliest 
stages and corresponds fundamentally to 
that of the adult. 


3. Comparative anatomy also emphasizes 
that stability of the vertical balance is es- 
sential to efficient binocular action. In the 
lower forms the ocular movements are 
simple. In man, due to environment the 
vertical mechanism is complex, owing to 
the variable actions depending upon the 
direction of gaze, whereas the actions of 
the horizontal muscles are comparatively 
less complex. 


4. The vertical mechanism has a very 
limited range of reflex power of adjust- 
ment, while the horizontal component is 
endowed with great power of adjustability. 


5. A disruption of the vertical balance 
produces a definite mechanical obstacle 
even though it is small in amount. 
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With this brief review of some of the 
factors relating to the normal mechanism, 
I wish to discuss briefly a few of the ab- 
normal peripheral anatomic factors and 
their relation to abnormal oculomotor 
phenomena encountered in diagnosis. These 
peripheral defects create a definite mechan- 
ical obstacle to binocular unity and are a 
basic cause of muscle imbalance. 


PERIPHERAL DEFECTS 
Clinical Manifestations 


Like other infranuclear involvement, 
peripheral motor defects show certain 
prominent characteristics which identify 
them. 


1. The resulting deviation will relate to 
the action of individual muscles and will 
therefore be noncomitant in type. A devia- 
tion which is usually present in the pri- 
mary position increases or decreases in 
different parts of the field of fixation de- 
pending on the muscle involved. Because 
of this fact the version test, in which bin- 
ocular movements are tested, is of great 
value in analyzing the problem. 


2. In addition to the noncomitant na- 
ture, the uniformity or constancy of the 
angle of the deviation is of value in identi- 
fying the defect. 


3. Additional proof that the anomalous 
position of rest is based on infranuclear 
conditions may be obtained by excluding, 
as far as possible, those innervations which 
may affect the position of the eyes relative 
to each other; for instance, by correcting 
any existing hyperopia and suspending the 
influence of the fusion apparatus. Also the 
nature of the deviation when the patient is 
under anesthesia is suggestive. The devia- 
tion which persists under these conditions 
is largely mechanical. 


Cause 


A peripheral anatomical defect may be 
caused by an abnormal state of the muscle 
structure, an abnormal mechanical rela- 
tionship of the origin or insertion of the 


muscle, or an abnormal relationship of the 
fascia (due to maldevelopment or to a me- 
chanical factor such as trauma). 


These mechanical factors are apparently 
much more common than is generally 
recognized. There is substantial evidence to 
indicate that an appreciable percentage of 
the peripheral defects are mechanical and 
not paretic in origin. Scobee* states that 
in 90 per cent of all patients with hetero- 
tropia which develops before the age of 6 
years there is some underlying mechanical 
anomaly. 


Such defects will cause a muscle to un- 
deiact, so that findings at examination may 
simulate a paresis of the muscle. (The word 
“paresis” infers that the basic cause for 
the abnormal action is a nerve involve- 
ment. Some consider that most cases of 
nonaccomodative strabismus are paralytic 
in origin and refer to these underacting 
muscles as paretic. However, such a con- 
clusion is not substantiated by the evidence. 
A certain number of defects are of paretic 
origin; in some instances this origin is evi- 
dent, but in the majority of cases the evi- 
dence of paresis is not conclusive. As the 
term is rarely based upon actual knowledge 
of a defect in innervation, it conveys an er- 
roneous impression. In referring to re- 
stricted action of an ocular muscle, the term 
“underaction” expresses the situation more 
correctly. It is preferable in the absence of 
knowledge that the cause is actually an in- 
volvement of the nerve to the affected 
muscle. ) 


An anatomic anomaly may not in itself 
be sufficient to produce heterotropia. In- 
nervational impulses neutralize the effect 
of a high percentage of such abnormal me- 
chanical situations. However, there is a 
limit to the adjustment capacity of the 
binocular mechanism. When taxed beyond 
its capacity, deviation results. If the effect 
of the defect is slight, the result is only 
heterophoria. If the effect is greater, the 
tendency toward heterotropia results; some 
other factors—accommodative, innerva- 
tional—may precipitate the heterotropia. 
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Major defects are readily recognized be- 
cause of the binocular problem which is 
usually present. Slight defects are frequent- 
ly not evident and are discovered only on 
careful examination. However, minor de- 
fects are of considerable importance be- 
cause they may be a factor in the develop- 
ment of squint at a later date, if for some 
reason binocularity fails to function. 


The defects caused by noninnervation 
peripheral factors may be grouped into the 
following categories: (1) defects related to 
the eyeball; (2) defects related to the or- 
bit; (3) defects related to the fascia, and 
(4) defects related to the muscles. 


Defects Related to the Eyeball 


These factors are found chiefly in hori- 
zontal defects and are not as a rule pri- 
mary factors in vertical defects. Develop- 
mental obstacles (anisometropia, etc.) pre- 
vent an adequate establishment of binocu- 
lar vision during the period when the bin- 
ocular reflexes are normally conditioned. 
Pathologic obstacles affect the formation 
of clear images, especially if the opacities 
are unilateral or unequal on the two sides. 


Defects Related to the Orbit 

The topographical relationships between 
the eyeballs and their adnexa are of im- 
portance in determining the position of the 
eyes and the freedom of their movements. 
Positional obstacles may be developmental, 
due to the anomalies in the symmetry and 
inclination of the orbits, in the shape of the 
skull, in the shape of the globes themselves 
(particularly in high myopia) and in the 
position of the globes (as in proptosis) ; 
due to disease (inflammatory, neoplastic) 
displacing the eye; due to orbital injury re- 
sulting in damage to the tissues which sup- 
port the eyeball, or to organization of blood 
clot interfering with the action of the 
muscles. 


All these obstacles may considerably im- 
pede the free excursion of the eyes and 
disorient the pull of the muscles so that 
binocular action is impaired. 


It is important to remember in discus- 


sing this group of causative factors that, 
as long as fusion is normal, an imbalance 
may not exist even with a definite differ- 


ence in the level of the orbits or other fac- 
tors tending to create lack of alignment of 
the eyeballs. 


De fects Related to the Fascia 

Fascial abnormalities may be acquired or 
developmental. The acquired fascial defects 
may result from scar tissue formation fol- 
lowing injury, inflammation or a deviation 
of long standing. An eye deflected for many 
years may acquire fascial contractions con- 
forming to the fixed position of the globe. 
A check ligament not called on to perform 
its function for a number of years may 
lose some of its elasticity and thus act as 
an obstacle to outward rotation. Some ques- 
tion the importance of the time factor in 
the development of abnormal check liga- 
ments, because the anomalies are 
found in the 2-year-old and in the 30-year- 
old with esotropia. 


same 


An abnormal development of the fascia 
which surrounds the extrinsic muscles may 
cause a mechanical defect and produce a 
deviation. If the defect is slight, the patient 
may pass through the critical fusion-devel- 
opment stage and the resultant deviation 
tendency is then kept latent as a phoria. 
If the defect is pronounced, fusion does 
not develop and a tropia results. In devel- 
opmental fascial defects the anomalies pre- 
cede the tropia in point of time and the 
tropia is at least partly due to the anomaly. 


Abnormal development of the fascial 
covering of the extrinsic muscles and the 
check ligaments is believed by some to be 
more common than the textbooks indicate, 
exerting a definite influence on the action 
of the binocular apparatus. A series of dis- 
sections will demonstrate marked variation 
in the fascial development. 

Anomalous fascial formations may be 
explained on the basis of incomplete ma- 
turation of the mesoblastic tissue. Both 
muscle and fascial tissues originate from 
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the same mesoblastic tissue; muscle tissue 
represents a full maturation of the meso- 
derm; the fascia which surrounds the mus- 
cles and tendon represents mesoderm which 
did not proceed to that full degree of dif- 
ferentiation. A variation from its usual de- 
gree of maturation might possibly produce 
an abnormal fascial development. This ab- 
normal development could influence the 
normal action of the muscle by producing, 
for example, a defective check action. 

Abnormal fascial formations associated 
with the horizontal muscles are quite fre- 
quently observed. Because of this accessi- 
bility, such abnormal fascial formations are 
readily detected. 

Scobee’, in his description of abnormal 
fascial conditions and how they affect hori- 
zontal muscle action, points out that cer- 
tain types of muscle imbalance can be at- 
tributed to abnormal fascial development. 
He found in esotropia the following vari- 
ations from normal fascial development 
existing either separately or in combina- 
tion. 


1. Extra and thickened check ligaments. 
The normal main horizontal ligament is 
present, quite obviously thickened and 
somewhat contracted. Extra check ligaments 
arise from a line paralleling the origin of 
the main ligament, either just above or just 
below it. 

2. Fused check ligaments. Three or five 
ligaments are apparently fused together in- 
to a thick solid mass running from the 
muscle sheath to the orbital wall. 


3. Posterior check ligament. A posterior 
check ligament arises from the muscle 
sheath far back in the orbit and runs an- 
teriorly, inserting into the medial orbital 
wall along its entire course. 

The anomalies just listed were found by 
Scobee in more than 52 per cent of all hori- 
zontal tropias which had appeared before 
the age of 6 years and which were known 
not to be due to trauma or systemic dis- 
ease. 

The existence of any one or all three ab- 
normal fascial developments, Scobee be- 


lieved, will prevent proper movement of 
the globe with a muscle hook under gen- 
eral anesthesia, and may cause retraction of 
the eyeball if rotation of the globe is forced. 


Scobee’s observations have been con- 
firmed and it is generally accepted that a 
variation in fascial formation is a positive 
factor in creating abnormal action of the 
horizontal muscles in an appreciable num- 
ber of cases. 

Although Scobee’s work emphasizes the 
fascial abnormalities of the horizontal 
muscles, it is possible that overaction and 
underaction of the vertical muscles can 
be explained on the same basis. A study of 
the complex anatomy of this area suggests 
the feasibility of such an explanation. 

That fascial anomalies are the cause of 
abnormal action of the superior oblique 
is a debatable point; we have very little 
definite evidence to substantiate such 
claim. An abnormal fascial development or 
check action is difficult to demonstrate dur- 
ing operation on the superior oblique; it is 
also difficult to demonstrate in a dissec- 
tion because of post-mortem changes. It is, 
of course, conceivable that such anomalies 
exist, but the degree to which they influ- 
ence the action of the muscle can only be 
surmised. i 

The author has encountered cases in 
which the fascial membranes surrounding 
the superior oblique tendon showed defi- 
nite evidence of contraction and caused a 
disturbance in the action of the muscle. In 
some instances, the cases were associated 
with a marked underaction of the inferior 
oblique and, as described by Brown! in 
his presentation of the superior oblique 
sheath syndrome, may have been secondary 
to a defective inferior oblique. However, 
in some cases the inferior oblique muscle 
seemed structurally normal, and the sheath 
of the superior oblique was congenitally 
short. 

In other cases a mechanical factor—for 
example, direct or indirect trauma such as 
results from surgery on an adjacent tissue— 
disrupts the fascial relationship. Thus, a re- 
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cession of the superior rectus can cause ad- 
hesions which interfere with the action of 
the adjacent tendon of the superior oblique. 
Likewise, extensive resection or recession 
of the medial rectus can interfere with the 
fascial sheath of the adjacent superior ob- 
lique. 


In the case of the inferior oblique we 
have more evidence of abnormal fascial 
formation, both at the time of surgery and 
in the dissecting room. For example, the 
author has observed thickened fascial bands 
which unite the inferior oblique and lateral 
rectus sheaths more intimately than usual. 
Also the posterior fascial expansion of the 
muscle sheath may be abnormally develop- 
ed or contracted. Both of these abnormal 
fascial formations restrict more or less the 
normal action of the inferior oblique mus- 
cle. A series of dissections will demonstrate 
marked variation in the fascial development 
at the point of crossing of the inferior rec- 
tus and inferior oblique, with variable de- 
grees of fusion. These variations in fascial 


formation might well have definite clinical 
significance. 


Trauma resulting from injury to the in- 
ferior oblique muscle or surgery on the 
lateral or inferior rectus may create scar 
tissue which will restrict the action of the 
inferior oblique. 


Spastic overaction of the inferior oblique 
is seen frequently. Although various ex- 
planations have been given for an over- 
acting inferior oblique, abnormal fascial 
development may be considered a possible 
cause. 

Like the obliques, the vertical recti can 
be inhibited in their normal action by ab- 
normal fascial conditions, either aacquired 
or developmental. The acquired defects 
may result from trauma, such as a blow or 
perforating injury, or from scar formation 
following surgery on these or adjacent mus- 
cles. Developmental defects of the fascial 
coverings and check ligaments account for 
some of the abnormal action of the rectus 
muscles. Like the superior obliques, the ver- 
tical recti are inaccessible, and, because of 


their complex fascial coverings abnormal 
development is difficult to recognize. Cer- 
tain evidence, however, demonstrates its 
presence. For example, the so-called verti- 
cal retraction syndrome mentioned by 
Brown is an example of a congenital mal- 
development involving the vertical recti. 
Brown considers the condition due to con- 
genitally paralytic superior and inferior 
rectus muscles of the same eye, and sug- 
gests the presence of limiting fibrous bands 
in this area. Of the 10 or 12 cases that 
Brown has observed, all but one showed 
retraction movement on elevation only. 
Brown states that the retraction move- 
ments in this anomaly are not so evident as 
those in the retraction syndrome, but on 
maximum effort of monocular elevation of 
the affected eye in the temporal field there 
is a definite retraction with some narrow- 
ing of the palpebral fissure. 


Defects Related to the Muscle 


They may be nondevelopmental or de- 
velopmental in origin. 

I. Nondevelopmental Defects 

Trauma to a muscle—Usually the injury 
is slight, such as rupture of the sheath or 
a hemorrhage into the body of a muscle, 
leading to little or no damage. At times it 
may be pronounced and produce permanent 
fibrosis. 

Myasthenia gravis—The paralysis may 
involve various eye muscles, although the 
intraocular muscles always remain exempt. 
Characteristic of this paralysis is a rapid 
increase in degree when exhausted. The 
diagnosis is established if there is associ- 
ated feebleness of muscles of the face, 
neck and masticatory apparatus. The pro- 
stigmine test is of value. 

Hereditary ophthalmoplegia externa— 
This condition, which may not become ob- 
vious until adult life, has been explained 
as an abiotrophy of the muscle fibers con- 
cerned, 

Tumor—A neoplasm may originate in 
a muscle; for instance, a fibrosarcoma: or 
the muscle may become involved by ma- 
lignant mestastases. 
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II. Developmental Defects 


Defects of congenital or developmental 
origin are important because defective 
cleavage of the mesodermal sheet from 
which the muscles develop is probably 
much more common than the literature 
would indicate. Minor anomalies which 
can be compensated by the corrective 
fusion reflexes (abnormal insertion or 
weakness of a muscle) probably cause some 
cases of heterophoria; greater degrees 


which cannot be thus compensated lead 
to a squint in which there is incomitance. 


As to frequency of ocular muscle anom- 
alies, Whitnall* states: 

It is probable, to judge from the writer's in- 
dividual experience in finding quite a number 
of gross abnormalities of the ocular muscles in 
a series of dissection, that such are by no means 
as excessively rare as would appear from the 
number recorded in the literature; dissecting 
oom conditions do not favor their identification, 
and in life some may be unrecognizable through 
compensatory action of the other muscles. 

Clinically, anomalies are not frequently 
observed, although possibly often over- 
looked, as suggested by the frequency with 
which they are encountered in the dissect- 
ing room. Many cases of congenital squint 
are apparently dependent upon such anom- 
alies, and it is only by an appreciation of 
this fact and a better knowledge of these 
peculiarities that the surgeon can antici- 
pate the presence of an anomaly before 
operation. 

Developmental anomalies of the muscle 
may be considered under the following 
heads: A. Anomalies of the muscle; B. 
Anomalies of the insertion; C. Anomalies 
of the plane of action of the muscle. 


A. Of the Muscle 


Absence.—Judging from the number of 
cases reported, total absence of a muscle 
is exceedingly rare. 

Casten encountered congenital absence 
of the inferior rectus muscle and was able 
to find 10 other cases reported in the liter- 
ature. McDonald described the absence of 
the inferior rectus muscle (proved by oper- 


ation). Posey reported the inferior rectus 
muscle absent except for a rudimentary 
portion at the usual site. Stieren described 
absence of one, and Davis absence of both 
inferior rectus muscles. 


Steinheim reported a case of absence of 
the superior rectus muscle. Natale reported 
a case of congenital strabismus in which 
the superior rectus and inferior rectus mus- 
cles were found absent at operation. Coover, 
in Operating on a woman in an attempt to 
advance what he thought were paralyzed 
superior and inferior rectus muscles, found 
them absent. 


Krause described the absence of the 
medial rectus muscle. Klincosch reported 
absence of all the ocular muscles. A few 
cases of the absence of oblique muscles 
have been reported. 


The above reports, representing but a 
portion of the literature, serve to empha- 
size that one, several, or all of the extra- 
ocular muscles may be absent. Furthermore, 
after reviewing the literature, Posey con- 
cluded that anomalies of the ocular motor 
muscles are more frequent than published 
reports would indicate. 


Fibrosis —Muscles are frequently found 
to be relatively inelastic. A muscle that is 
constantly prevented from relaxing ade- 
quately may eventually become somewhat 
contracted and later slightly fibrotic. For 
example, the so-called overfunction of the 
inferior oblique may be a secondary con- 
tracture, following paralysis of the superior 
oblique of congenital or early origin. The 
degree of fibrosis is highly variable. In 
some cases the muscle is practically re- 
placed by a fibrous band (Duane’s syn- 
drome, where the squint is due to a con- 
tracture in a muscle). 


Abnormal development.— This condi- 
tion is more frequent than absence or 
fibrosis of a muscle. 

Horizontal rectus muscles—A definite 
fusion between the lateral rectus and the 
inferior oblique is occasionally seen at op- 
eration. The author has had 2 such cases. 
Bundles of muscle fibers from the lateral 
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to the inferior rectus, to the orbital wall, 
and to the lower lid are described by Whit- 
nall. A lateral rectus with two extra fas- 
ciculi which passed forward to end on the 
inferior tarsal plate and lateral wall is re- 
corded by Curnow. In a specimen Whit- 
nall found a fleshy bundle 7 mm. long and 
2 mm. in diameter, passing from the lateral 
rectus across the posterior third of the or- 
bit beneath the optic nerve to fuse with 
the belly of the medial rectus; no nerve 
could be traced. 


Although abnormal formations of the 
medial rectus undoubtedly exist, the liter- 
ature yields but few reports. Those cases 
reported were related to the degree of mus- 
cle development rather than abnormal 
fusions. 


Vertical rectus muscles——A develop- 
mental tendency to anatomic abnormalties 
in the vertical recti is seen chiefly in the 
presence of supernumerary slips of muscle 
tissue. Abnormal muscle slips may rise well 
back in the orbit and diverge slightly from 
the course of the muscle which is their ap- 
parent source to become inserted into the 
globe at a point somewhat behind and to 
one side of the insertion of their parent 
muscle. 

The above characteristics, representing 
but a portion of the literature, show that 
one, several, or all the extraocular muscles 
may be involved in abnormal development. 
Also, it seems apparent that anomalies of 
the ocular motor muscles are more fre- 
quent than published reports would indi- 
cate. 

Superior oblique muscle—The muscle 
may end at the trochlea, or a normal su- 
perior oblique may be accompanied be- 
tween the eyeball and the pulley by an ex- 
tramuscular slip which has a common in- 
sertion with it upon the eyeball. 

The superior oblique may be closely ac- 
companied by an off-shoot from the levator 
palpebrae superioris, sometimes called 
comes obliqui superioris. 

Ledouble found supernumerary fasciculi 
accompanying the reflected tendon. 


According to Prangen two instances 
have been found in the human in which 
the superior oblique muscle ended in a 
common tendon with the terminal nasal 
fibers of the superior rectus muscle. This 
type of anomaly very likely is more fre- 
quent than reports in the literature indicate. 


Inferior oblique muscle-——Some_varia- 
tion in the point of origin of the muscle 
has been observed. 


An abnormal muscle bundle (musculus 
obliques accessorium inferior) is occasion- 
ally observed. Rex reported an abnormal 
muscle bundle passing from the apex of 
the orbit to the inferior oblique, also send- 
ing a slip to join the inferior rectus; the 
anomaly was found in both orbits and was 
supplied by the third nerve. 

An important anomaly which involves 
both obliques is referred to as “voluntary 
propulsion of the globe.” 

The point of crossing the inferior oblique 
and the inferior rectus shows considerable 
variation in the degree of fusion; some 
specimens are firmly, others loosely, fused. 
These fusions appear to be fundamentally 
fascial in character. Abnormal fusion at 
the point of insertion of the inferior 
oblique has been noted quite frequently. 
This is for the most part with the lateral 
rectus muscle and in some cases appears to 
be both fascial and muscular in character. 


B. Of the Muscle Insertion 

Abnormal insertion of the extrinsic mus- 
cles is a mechanical etiologic factor which 
may exist in the peripheral mechanism. 

Horizontal rectii—Because of their ac- 
cessibility, variation in the insertion of the 
horizontal recti have been occasionally ob- 
served. The following illustrate some of 
the variations. 

The lateral rectus may be inserted into 
the globe by two tendons. Posey reported 
a lateral rectus inserted into the globe by 
two tendinous bands, symmetric in size 
and development, and about 4 mm. apart. 
The tendons blended into two well-devel- 
oped muscular bellies, which ran parallel 
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to one another until they were lost poster- 
iorly in the tissues of the orbit. 

The case just described is somewhat ana- 
logous to Wicherkiewicz’, who found, 
while performing an advancement of the 
lateral rectus, that the muscle was inserted 
by two tendons, separated vertically by a 
distance of 4 mm. Dissection revealed that 
this space decreased posteriorly so as to 
form a triangle, with its apex in the belly 
of the muscle, 16 mm. from the line of 
insertion. 

Macalister observed a lateral rectus sup- 
plied with two heads; Dieffenback, Behr, 
Zagorsky, and Albinus found double lateral 
rectus muscles. 

In a case of retraction of the eye, Turck 
noted absence of the lateral rectus. The 
medial rectus was inserted 12 mm. from 
the corneal limbus, and also by a second 
head still more posteriorly, which account- 
ed for the retraction. 

In correcting a case of right convergent 
squint of high degree, Posey discovered an 
accessory muscle just inferior to the later- 
al rectus. This muscle, which was inserted 
into the globe by a short, rounded tendon 
4 to 5 mm. long, immediately below the 
insertion of the lateral rectus, was well de- 
veloped, more or less rounded, and took 
an oblique course inferiorly, midway be- 
tween the lateral rectus and inferior rectus 
muscles, until lost in the tissues of the 
equator of the globe. 

Peter reported an anomaly of the tendon 
of the lateral rectus. The muscle was un- 
usually large and its attachment spread out 
in a fan shape, extending up to the inser- 
tion of the superior rectus. Division of the 
entire insertion corrected the deformity and 
restored the eyes to parallelism. 

In advancing the left lateral rectus, 
Bourgeois found no trace of it at its usual 
insertion, but discovered it inserted far su- 
periorly and in an oblique direction. The 
muscle was much atrophied, scarcely 2 mm. 
broad. 

Bernheimer found a thin band of con- 
nective tissue in place of the lateral rectus. 
Axenfeld reported a similar case, and other 


instances of replacement of the lateral rec- 
tus by a more or less inelastic cord have 


been reported. 


Similarly, the medial rectus shows a vari- 
ation in its insertion although this varia- 
tion deals chiefly with the length and po- 
sition rather than a multiple type as found 
in the lateral rectus. 


Vertical recti—Very little data are avail- 
able concerning abnormal insertion of the 
vertical recti. In the author's experience 
there is less variability than in the obliques. 
However, a certain amount of variation ex- 
ists in the line of insertion, but insufficient 
data exist to make a positive statement. 


Superior oblique——The insertion of the 
superior oblique tendon is the most vari- 
able of all extrinsic muscle insertions. This 
marked variability is dependent chiefly up- 
on two factors, namely, the variable length 
of the superior oblique insertion and the 
variable angle of its insertion. In speci- 
mens examined by the author certain varia- 
tions of the insertion were so marked that 
abnormal actions of the muscle might pos- 
sibly result. 


Inferior oblique-—The insertion of the 
inferior oblique, though variable, is more 
uniform than that of the superior oblique. 
The variation consists chiefly in the de- 
gree of obliquity and convexity of the 
curve. The insertion often shows gross ir- 
regularities, such as angular serrations or 
dehiscences. 


Vestiges of the musculus retractor bulbi 
(retractor obuli chanoid muscle) have on 
rare occasions been recorded in man. Le- 
double found delicate muscle bundles in 
two cases and other instances have been 
noted by Nussbaum and Fleischer. Accord- 
ing to Duke-Elder, it is always represented 
in man (30 specimens examined) by a 
well-marked strand of connective tissue 
(fascia retrobulbaris) lying between the 
lateral rectus and the optic nerve, and at- 
tached to the back of the fascia bulbi an- 
teriorly; it does not appear, however, to be 
readily identifiable. 
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C. In the Plane of Action 

Abnormal plane of action of a vertical 
muscle should be considered as a mechani- 
cal defect of the peripheral mechanism. 
This factor applies chiefly to the oblique 
muscles. 

The abnormal planes of action of the 
obliques can be best appreciated by com- 
parison with the normal planes. After pas- 
sing through the trochlea the superior 
oblique muscle turns downward, outward 
and backward at an angle of about 54 de- 
grees from its previous course, and be- 
comes inserted into the posterolateral as- 
pect of the globe, making a very small arc 
of scleral contact. 

The inferior oblique muscle passes later- 
ally backward and upward beneath the in- 
ferior rectus at an angle of about 52 de- 
gcees. After crossing the inferior rectus, it 
curves around the eyeball, making a large 
arc of scleral contact, and passes beneath 
the lower border of the lateral rectus to 
become inserted in the posterior lateral 
quadrant of the eyeball. The line of inser- 
tion is oblique and for the most part is 
below the horizontal meridian of the globe, 
with which it makes an angle varying from 
15 degrees to 20 degrees. 

In a comparison based on 100 specimens 
the anterior tip of the insertion of the su- 
perior oblique averaged 0.4 mm. anterior 
to the equator of the globe; whereas, the 
anterior tip of the inferior oblique inser- 
tion averaged 1.3 mm. posterior to the 
equator of the globe, a difference of about 
2 mm. 

Because the obliques are usually inserted 
in a different position on the globe, the 
oblique muscle planes do not coincide. 
However, most observers consider that, for 
practical purposes, the muscle planes should 
be regarded as the same, making an angle 
of about 52 degrees with the visual line, 
and that any mechanical difference in the 
plane of action is neutralized by the ad- 
justment capacity of the central mechanism. 

Undoubtedly, this is true in eyes in which 
slight deviation exists, but in cases of 


greater degree there is a question as to the 
validity of this assumption. 

In a series of specimens studied,’ mea- 
surements of the relation of the two 
obliques varied sufficiently to question 
such a supposition. In 129 adult human 
specimens, measurements were made of 
the relation of the planes of action of the 
two obliques to one another, and of their 
relation to the anteroposterior vertical plane 
of the eyeball. 

The following data were found: 

Average angle made by the oblique mus- 
cle planes with the anteroposterior vertical 
plane of the eye (based on the measure- 
ment of 112 specimens): Superior oblique 
44.9 degrees (54 degrees usually accepted ) ; 
Inferior oblique 45.5 degrees (52 degrees 
usually accepted ) 

Average measurement of 22 specimens 
showing greatest variation in the angles 
which the oblique muscle planes make with 
the anteroposterior vertical plane of the 
eye: Superior oblique 39.1 degrees; In- 
ferior oblique 47.1 degrees 

Average measurements of the 100 re- 
maining specimens which showed less vari- 
ation in the angle which the oblique muscle 
planes make with the anteroposterior ver- 
tical plane of the eye: Superior oblique 
45.9 degrees; Inferior oblique 45 degrees 

Although the average angle which the 
planes of action of the superior and in- 
ferior obliques made with the anteropos- 
terior vertical plane of the eye was about 
45 degrees in the second group, a study of 
individual specimens revealed in many in- 
stances an appreciable variation in the mus- 
cle plane of one oblique as compared with 
the other. They varied sufficiently from each 
other to raise a question as to a balanced 
action between the two muscles. It is ap- 
parent that other factors must act to com- 
pensate for the difference in the two planes 
of action in most instances of this type. 

However, in higher degrees of variation, 
as found in some of the 22 specimens show- 
ing greatest variation, it is possible that 
such a condition may create a mechanical 
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obstacle to binocularity, and when associ- 
ated with other etiologic factors, may be 
sufficient to produce a deviation. 


The specimens showing greater varia- 
tion could be divided into two main 
groups: (1) Some specimens showed a 
marked variation in the planes of action 
of the two obliques, (2) Other specimens 
showed almost similar angles with the an- 
teroposterior vertical plane of the globe, 
but differed markedly because the oblique 
muscle planes were separated by several 
millimeters. 

Measurements taken from _ individual 
specimens showed the greatest variation of 
the angle of the oblique muscle planes 
to be the following: 

Measurements of the specimen showing 
the greatest separation of the oblique mus- 
cle planes: Superior oblique, 57 degrees; 
inferior oblique, 70 degrees. 

Measurement of the specimen showing 
the greatest crossing angle of the two 
oblique muscle planes, superior oblique, 
35 degrees; inferior oblique, 70 degrees. 

Measurement of the specimen showing 
the greatest difference in the angle of the 
oblique muscle planes as compared with 
the anteroposterior vertical plane of the 
eyeball: 

When the superior oblique shows the 
greatest angle: Superior oblique 64 de- 
grees; inferior oblique 33 degrees. 

When the inferior oblique shows the 
greater angle: Superior oblique 32 degrees; 
inferior oblique 57 degrees. 

Measurements of the specimen showing 
the greatest angle of the oblique planes 
with the anteroposterior vertical plane of 
the eyeball: Superior oblique 67 degrees; 
inferior oblique 60 degrees. 

Measurements of the specimen showing 
the smallest angles of the oblique planes 
with the anteroposterior vertical plane of 
the eyeball: Superior oblique 22 degrees; 
inferior oblique 34 degrees. 

It seems to the author that a congenital 
maldevelopment in the planes of action of 


the oblique muscles is as logical an ex- 
planation as any for certain abnormal ac- 
tion of the vertical muscles. For example, 
take the case of the upshoot of the inferior 
oblique on adduction. That inherent lack 
of balance may exist between the opposing 
obliques is possible and can be explained 
on the following basis: The long course of 
human development has been associated 
with an increase in range of ocular move- 
ment and with an increase in accuracy over 
that range. During this process the su- 
perior oblique has surrendered some of 
that strength which, before the extension 
of its origin to the orbital apex, it used to 
balance with its antagonist. The resulting 
physiologic imbalance of the opposing 
obliques, coupled with an appreciable im- 
balance in the planes of action of the 
obliques in their relation to the anteropos- 
terior vertical plane of the globe, may pro- 
duce an upshoot or abnormal action of the 
inferior oblique, when the eye is adducted. 


Also it is possible that certain cases of 
muscle imbalance, especially those seen in 
convergence and divergence anomalies can 
be due basically to a mechanical defect in 
the oblique muscle planes with the hori- 
zontal defect a secondary factor. 


Such explanations are admittedly specu- 
lative, but there is some tangible basis for 
the assumption, which is based upon the 
above data. Such explanation may help to 
clarify some of the uncertain phenomena 
related to the complex etiology of the ver- 
tical defects. 
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FIXATION DISPARITY 
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Target seen 
by left eye 


FIG, 1 


THE PHENOMENON designated fixation 
disparity has been known and observed for 
a long, long time. '* It should be perfectly 
familiar to those of you who use haplo- 
scopic devices such as the stereoscope or 
amblyoscope. When targets or slides hav- 
ing some identical figures and also some 
dissimilar, or identifying marks are placed 
before the eyes, one observes that the im- 
ages of the identical figures fuse readily, 
but the dissimilar marks will appear dis- 
placed with respect to each other if a 
heterophoria is present. 


Figure 1 illustrates a suitable pair of 
such targets. The large letter A is identical 
and is accurately centered on each one. To 
the right of the letter on the same level 
and at the same distance is placed a disk— 
a large one to be seen by the left eye and 
a small one to be seen by the right eye.! 
When these two targets are observed in 
the haploscope (or by voluntary conver- 
gence), only a single letter A is seen. We 
say that the images of the two letters are 
fused. If no heterophoria (for the particu- 


From the Mayo Clinic and the Mayo Foundation. 
The Mayo Foundation is a part of the Graduate 
School of the University of Minnesota. 


Target seen 
by right eye 


Example of the type of targets that can be 


Appearance 
of targets seen 
binocularly 


used to observe fixation disparity 


lar convergence of the eyes to the targets) 
is present, the small disk should appear in 
the center of the larger one. If there is a 
lateral phoria or muscle imbalance, the 
small disk will appear displaced within the 
large disk: displaced in the direction of 
the phoria. The direction and magnitude of 
this displacement of the small disk within 
the larger one can be changed by a change 
in the convergence angle of the arms of 
the haploscope, because then the muscle im- 
balance between the two eyes is usually 
changed. At some particular convergent 
position the two disks can be made to 
appear centered. Then for that convergence 
we can say there is no imbalance. 


This displacement was described by Hof- 
mann and Bielschowsky? as a Jag, for they 
found that when the convergence positions 
of the two eyes were changed, this displace- 
ment was always in the direction opposite 
to the direction of convergence change. 
Ames and Gliddon! called the phenomenon 
a retinal slip, because the monocularly seen 
details appear to have slipped relative to 
the binocularly seen details. Neither of 
these terms adequately describes the dis- 
placement. 
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The basic fact about this phenomenon is 
that the subjective, visual directions of the 
monocularly seen details are different from 
the visual direction of the binocularly seen 
details. Now we know, of course, that 
within certain limits, images in the two 
eyes which aze disparate—that is, do not 
fall on corresponding retinal elements—can 
be fused, that is, they are seen in one visual 
direction. This particular visual direction 
may correspond to the basic monocular 
direction of the retinal elements of one of 
the eyes or it may result from a compro- 
mise between the basic monocular direc- 
tions of the retinal elements of the two 
eyes. 


L 
Siinkemisaon 


'(A? i 


ee 


Locus of points 
in space which are 
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in the same direction 
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ESOPHORIA 


In esophoria where the monocularly seen 
appear in uncrossed disparity 


FIG. 3 


images will 


Now the phenomenon of fixation dis- 
parity must be due to the fact that the 
fused images, indeed, fall on disparate 
retinal elements. This disparity in turn 
must be due to the fact that the eyes are 
actually converging toward a point in front 
of, or behind, the target plane, depending 
on the direction of the lateral phoria. Any 
point “looked at” on the target is then 
imaged on disparate retinal elements. Thus 
the images of any point fixated on the tar- 
get are disparate (fixation disparity). The 
monocularly seen details will actually ap- 
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EXOPHORIA 
FIG. 4 


images will appear in crossed disparity. 


In exophoria where the monocularly seen 


pear displaced an amount equal to this dis- 
parity. Thus the phenomenon is an exhibi- 
tion of a phoria while the fusion of similar 
images is maintained. 


A full understanding of the phenomenon, 
of course, rests on our knowledge of the 
basic physiologic facts of binocular vision. 
We can better visualize the phenomenon 
from a study of figures 2, 3 and 4. Let us 
again use the target pattern just described, 
and again assume that by some arrangement 
the two disks are seen monocularly, the 
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Left eye target 


Example of targets in which the nonius lines are 


small disk by the right eye, the large disk 
by the left eye. If the motor balance of 
the eyes is orthophoric for the particular 
convergence of the eyes (fig. 2), then the 
eyes will actually be pointing toward the 
plane of the target. Accordingly the horop- 
ter* lies close to the surface of the target. 
Hence the images of the two monocularly 
seen disks would appear centered, because 
the images of any point on the target sur- 
face would fall on corresponding retinal 
points and thus be seen in the same visual 
direction. 


However, suppose there is esophoria (fig. 
3). Then the eyes actually overconverge to- 
ward a point in front of the target. The 
images of the letter A then would be un- 
crossed disparate. The fusional processes, 
however, provide a single visual direction. 
But it will be clear that the image of the 
small disk will be seen to the right of the 
center of the large disk. Again, if the ob- 
server is exophoric (fig. 4), then the axes of 
the eyes actually underconverge or converge 


*For a given point of fixation the horopter is that 


surface in made up of points the images of 
any one of which monocularly seen by the 
same subjective visual direction. There 


said to fall on 


space 
two eyes 
appear in the 
fore the images for that point are 


corresponding retinal elements, 


Right eye target 


used to observe fixation disparity 


toward a point behind the target. The im- 
ages of the fused details will then be crossed 
disparate. Here the small disk seen by the 
right eye will appear to the left of the cen- 
ter of the large disk. The overconvergence 
or underconvergence of the eyes cannot 
therefore be greater than the disparity cor- 
responding to the maximal size of fusional 
areas (Panum’s areas). 


If there is a hyperphoria, the displace- 
ment of the small disk within the larger one 
will be in the vertical direction. This once 
more shows that the hyperphoria is mani- 
fested within the small limits of fusional 
areas, in spite of the fusion of the images 
of identical details on the two targets. 


The two disks on the targets just de- 
scribed are not suitable for general use 
because their edges are too much alike. 
If the displacement is large, these two edges 
may be sufficient to provide a stimulus for 
fusion and as such would interfere with 
the test. A vernier or nonius type configu- 
ration has proved to be more suitable (fig. 
5). These test details should not be used 
with pictures which provide stereoscopic 
depth, for the displacement of the two 
lines will vary with the different parts of 
the picture fixated. 
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The magnitude of the displacement de- 
pends on the muscular imbalance between 
the eyes, on the fusional compulsion reflex, 
and on the type and pattern of details for 
fusion on the targets. Within certain limits, 
the more fusion detail, the smaller the fixa- 
tion disparity. However, if these details 
are predominantly in the peripheral parts 
of the visual field, the disparity observed 
is larger, because Panum’s fusional areas 
are larger there. Again, details for fusion 
near the fovea limit the magnitude of the 
disparity observed because here Panum’s 
areas are smaller. However, even if the 
fusion details are near the fixation point 
(the test detail extrafoveal), a disparity 
can be shown to exist.’ There are, of 
course, considerable individual differences. 
Usually if the compulsion-to-fusion reflex 
is poorly developed, the disparity will be 
larger and more unstable than if this reflex 
is well developed. The present point of 
view is that the magnitude of the disparity 
depends on the relative strength of the com- 
pulsion-to-fusion—the reflex to keep the 
eyes so directed that retinal images will 
fall as near as possible to corresponding 
retinal elements—and on the motor im- 
balance. The study of the phenomenon 
suggests that the strength of the compul- 
sion to fusion itself varies with the extent 
of the disparity. This strength is least for 
small disparities but obtains a maximum 
when the disparities are such that diplopia 
is imminent. Thus the absolute magnitude 
of the disparity itself does not have pre- 
cisely the same meaning regarding muscular 
imbalance as has the phoria measured by 
the Maddox rod. 


The fixation disparity phenomenon is a 
valuable tool in the study of ocular motility, 
for it permits one to find the change of 
muscular imbalance while fusion, normal 
convergence and accommodation are main- 
tained. The effect of prisms, or change in 
convergence, on the motor imbalance is 
easily studied. Similarly the effect of power 
lenses on motor imbalance through the 


accommodative-convergence synkinesis can 
be studied. Suppression can easily be de- 
tected. 


Even with the simple type of targets 
described in the previous paragraphs, it is 
valuable to compare, for example, the 
phoria measured by the cover test with the 
Maddox rod and that convergence of the 
arms of the amblyoscope (or haploscope ) 
for which the fixation disparity is eliminat- 
ed, that is when the two dots are precisely 
centered or the nonius lines are aligned. 
Frequently these measurements will not 
agree in magnitude, though they usually 
will agree as to direction. Occasionally they 
will not agree even in direction. Also sub- 
jects will sometimes be found for whom 
no convergence can be found which will 
make the disparity zero, in spite of the 
fact that a phoria can be measured. We 
must insist that when both eyes are active 
and the images are fused, the muscular im- 
balance may be different from that which 
would be indicated by the usual methods 
of measurement where fusion is suspended. 


For any particular target design, the ac- 
tual angle of fixation disparity (the angu- 
lar size of the displacement) can be mea- 
sured if the nonius or vernier line on one 
target is made movable by a suitable screw 


and indicator®*. With such a device the 
one line can be made to appear directly 
above the other. The actual displacement, 
namely, the fixation disparity, is thus mea- 
sured. It is possible then to obtain a quan- 
titative relationship between the fixation 
disparity and (1) forced convergence or 
divergence of the eyes by the use of prisms 
or by a change in angles of targets on the 
haploscope, and (2) the stimulus for a 
change in accommodation by placing spher- 
ical ophthalmic lenses before the eyes. The 
reader could profit from a study of the 
papers in which such relationships are dis- 
cussed in considerable detail. Every orth- 
optist can readily make fixation disparity 
slides for the amblyoscope she uses, and 
then make use of this phenomenon in her 
work. 
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DIAGNOSIS AND TREATMENT OF 
ALTERNATING HETEROTROPIA 


DOROTHY THOMPSON LAUGHLIN 
LT. ARTHUR W. STICKLE (MC) U.S.N.R. 


ST. LOUIS, MO. 


THis sTUDY of alternators was under- 
taken to provide a functional classification 
separating those cases in which fusion 
could most logically be expected from those 
in which a cosmetic result must probably 
be satisfactory, using the methods presently 
available to us. We shall also describe the 
methods we use in treating the various types 
of alternating heterotropia. 


Alternating heterotropia is a manifest 
deviation of the eyes in which the patient 
is able to fixate, at will or unconsciously, 
with either eye and at the same time sup- 
press, to some extent, the visual impulses 
from the nonfixing eye. The determining 
factor in making the diagnosis is the pres- 
ence or absence of alternating suppression. 


All patients who alternate fixation are 
certainly not alternators if one accepts our 
definition. The monocular deviator who is 
able to fix with either eye does not have 
the requisite alternating suppression. When 
he fixes with his dominant eye he suppres- 
ses the image before the nondominant one. 
He is not able to suppress the image be- 
fore the dominant eye. If he is placed be- 
fore the amblyoscope with an image before 
each fovea and the nondominant eye can 
be made to fix by oscillation or increasing 
the relative illumination of the targets be- 
fore this eye, he will either fuse or have 
diplopia. 


This study was carried on in the Department of 
Ophthalmology, Oscar Johnson Institute, Washington 
University School of Medicine, St. Louis, and was 
supported in part by a research grant from the Na- 
tional Society for the Prevention of Blindness. 
Lt. Arthur W. Stickle is now at the Naval School 
of Aviation Medicine, Pensacola, Fla. 

Read before the annual meeting of the American 
Association of Orthoptic Technicians in Chicago, 
October 13, 1953. 
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The adult who has had fusion all his 
life and suddenly develops a sixth nerve 
palsy is unable to suppress either eye, al- 
though he may be able to fix at will with 
either eye. He is constantly aware of diplo- 
pia. This patient is not an alternator. 


Alternators usually have good visual 
acuity in each eye, but not always so. The 
alternator may prefer one eye for fixation 
most of the time. When this is so he may 
be mistaken for a monocular deviator. 


The monocular deviator may become an 
alternator. This has occurred in our prac- 
tice when a monocular deviator has been 
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patched until vision is equal and then the 
patch removed for a time before surgical 
realignment. Under these conditions, one 
will occasionally see a patient begin to 
alternate instead of returning to monocular 
suppression. We always try to keep the 
patch in place until surgery, patching the 
dominant eye each morning after the vis- 
ual acuity is equal. This is done to prevent 
a return to monocular suppression, to pre- 
vent the patient from developing alternat- 
ing suppression, i.e., becoming an alter- 
nator, and to prevent occlusion amblyopia. 


We classify suppression areas in the eye 
as foveal (central), parafoveal (situated 
mainly to one side of the fovea, possibly, 
but not necessarily, including the fovea as a 
part of the suppression area), and perifo- 
veal (an area almost equally surrounding 
the fovea and including it—this may be 
macular or extend any distance toward the 
periphery). This classification of suppres- 
sion areas is useful in discussions of sup- 
pression and its terms are clear to most oph- 
thalmologists as these terms have their 
counterparts in central, paracentral, and 
pericentral scotomas in visual field defects 
(fig. 1). 


CLASSIFICATION 
I. “True” Alternators 


“True” alternators are those in whom it 
is impossible with the tests used to demon- 
strate diplopia. The “true” alternator has 
suppression which is complete as far as is 
demonstrable. When one eye fixes, the 
vision in the other is suppressed completely. 
The patient cannot be made aware of 
diplopia on the major amblyoscope at any 
setting with any targets. When diplopia 
cannot be demonstrated on the major 
amblyoscope, the patient is given red-green 
goggles and is seated not more than one 
meter away from an illuminated screen 
measuring three feet by three feet in an 
attempt to stimulate peripheral perception. 
The patient reports the color of the screen, 
and if at any time there is evidence that 


he sees both colors at the same time, simul- 
taneous retinal perception is present. An- 
other examination we use is the Lancaster 
red-green test in a darkened room. We 
have learned that this test will sometimes 
demonstrate simultaneous retinal perception 
when other tests fail. 


The “true” alternator does not have, as 
far as we are able to determine, simultane- 
ous retinal perception. We do not use the 
term “no correspondence” because an in- 
dividual might have perception of visual 
impulses in each eye and still have no cor- 
respondence between the two visual im- 
pressions. The “true” alternator is unable 
to perceive any visual impulse coming from 
one eye while he is “seeing” with the other 
eye. He cannot possibly, of course, have 
any correspondence between the two im- 
ages if he cannot see them at the same 
time, but that is beside the point. The 
thing that makes him a “true” alternator 
is the fact that he cannot perceive images 
from the two eyes at the same time. This 
is why we believe that “lack of simultaneous 
retinal perception” is better terminology 
for this condition than “no correspondence.” 


Treatment which may be used consists 
of (1) refraction to remove any accommo- 
dative element, to adjust the accommoda- 
tion-convergence ratio, and give the best 
visual acuity possible; (2) surgery for re- 
alignment of the visual axes and (3) post- 
operative prisms, vertical or horizontal as 
indicated. 


These patients are not amenable to active 
therapy from the standpoint of fusion 
training. Refraction in order to give them 
good vision and adjust the accommodation- 
convergence ratio is indicated, Surgical 
realignment of the visual axes should be 
done from both a therapeutic and cos- 
metic standpoint. Occasionally one will 
see a patient previously classified as a 
“true” alternator who, after surgical re- 
alignment of the visual axes, will begin to 
fuse or be converted to one of the other 
types of alternator. 
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The very deep suppression may break 
up of its own accord with time and surgi- 
cal realignment, and when it does, orthop- 
tics may be started. It is our opinion that 
surgery on these cases should be conserva- 
tive and special care should be taken to 
avoid an overcorrection with a resultant 
exotropia. A narrow angle esotropia, well 
covered by the angle kappa, is frequently 
a desirable result surgically. Optical align- 
ment of the visual axes can then be at- 
tained by horizontally based prisms incor- 
porated into the lenses or prescribed as 
“clip-ons.” 


We are inclined to believe that these 
“true” alternators are similar to the sub- 
sequently discussed types, but that the sup- 
pression has progressed further. They are 
not necessarily hopeless, but they are not 
orthoptic material and must be given con- 
siderable time and careful watching. 


Il. Alternators with Abnormal Retinal Cor- 
respondence 


The alternator with ARC has alternat- 
ing suppression, but he has a paracentral 
area of suppression, not including the fo- 
vea. That is, his area of suppression in the 
nonfixing eye extends as a horizontal bar 
from the extrafoveal point on the retina 
which receives the image of the object of 
regard of the fixing eye up to but not in- 
cluding the fovea (fig. 2). 


This suppression area may be demon- 
strated by the use of a major amblyoscope 
with first grade targets, i.e., dissimilar tar- 
gets which are agreeably superimposable. 
The machine is set at the patient's objective 
angle determined by “flashing”, i.e., curning 
the lights on in the tubes alternately and 
changing the setting of the machine until 
his eyes no longer move when each fixes 
alternately. At this position the fixation 
spot is directly in front of the fovea of 
each eye. Let us presume that the targets 
are a box in front of the right eye and a 


FIGURE 2 
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F* Foveo 
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eye 's Maing 


top in front of the left eye. A patient 
who had normal correspondence and no 
suppression would see the top in the box 
when the tubes were lighted at the same 
time. 


The alternator with ARC would see the 
box and top side by side with a space 
between them. If he has esotropia, he will 
have crossed diplopia at his objective angle. 
With exotropia the suppression area would, 
of course, be on the other side of the 
fovea and the patient would have uncrossed 
diplopia at his objective angle. In our ex- 
perience ARC with exotropia is much less 
common than with esotropia. For purposes 
of discussion, we shall presume that the 
subject has esotropia and the left eye is 
the fixing eye; but it must be kept in mind 
that if the right eye takes up fixation, a 
suppression area similar to that which we 
shall discuss is found in the left eye. For 
simplicity, we have pictured only one eye 
fixing (fig. 3). 
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FIGURE 3 
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FIGURE 4 
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If at this point the tube in front of the 
right eye is brought laterally (divergence ) 
to attempt to superimpose the images, the 
box immediately falls into the suppression 
area and its image is lost to view. The 
patient will have alternate suppression 
rather than a subjective angle (fig. 4). 


If the tube in front of the right eye were 
elevated so that the image fell on the retina 
below the area of suppression and the tube 
were brought laterally to an area below E’, 
the images would be seen as in figure 5. 


The box can be brought beyond the 
suppression area (fig. 6). 


In this manner we can circle and define 
the area of suppression. It is a horizontal 
bar extending from and including E’ to, 
but not including, F’. Any attempt to super- 
impose the two images will result in sup- 
pression of the box. 


The alternator with ARC has simultane- 
ous retinal perception in all areas outside 
of the suppression area. 


Our routine in treating patients with 
this type of alternating heterotropia in- 
cludes the following: 


1. Refraction, to adjust the accommoda- 
tion-convergence ratio, to remove the ac- 
commodative factor, and to give the best 
visual acuity possible. 


2. Patching, combined with orthoptics 
to help break up the ARC as well as the 
suppression. 


3. Preoperative orthoptics, to break up 
suppression and establish NRC. 


4. Surgery, for realignment of the vis- 
ual axes after NRC is established. 


5. Postoperative orthoptics, to maintain 
NRC and build fusional amplitudes. 


6. Postoperative prisms (either horizon- 
tal or vertical as indicated) to align visual 
axes optically after surgery if a small devia- 
zion still exists. 


Patching tends to break up suppression, 
as it removes images completely from one 
eye and thus removes the need for suppres- 
sion. It also eliminates the need for ab- 
normal correspondence, as there is no need 
for projecting images abnormally to allow 
fusion. Either eye may be patched, but 
daily alternation of the patch or patching 
the dominant eye each morning probably is 
the preferable method. 


Preoperative orthoptics to establish nor- 
mal correspondence is much more valuable 
in the alternator with ARC than in the 
monocular deviator with ARC. Surgery 
alone is enough to break up the ARC in 
most monocular deviators and good sur- 
gical realignment is usually successful if 
combined with postoperative orthoptics. 
The alternator with ARC maintains his 
ARC at a new angle after surgery in many 
cases, and apparently surgical realignment 
is not enough to break it up. The job is 
made no easier by surgery, and if the new 
angle is very small it may be next to im- 
possible, technically, to work with it. We 
use the Walraven technic* in working with 
these alternators to break up the ARC. 
Usually six to ten sessions are adequate to 
establish normal correspondence. 


We have no explanation for the apparent 
preference for ARC in these patients. Theo- 
retically surgery should be as effective an 
aid in breaking up ARC in alternators as 
it is in monocular deviators, but apparently, 
at least in our hands, it has not proven to 


be so. 


Ill. Alternators with Normal Retinal Cor- 
respondence 


Alternators with normal retinal corres- 
pondence are the patients most likely to get 
a good result from treatment. A good re- 
sult, of course, means fusion. 


The suppression area in the nonfixing 
eye also is parafoveal. It includes the fovea 


* Personal communication, 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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and a horizontal bar extending out to in- 
clude the extrafoveal area where the image 
from the object of regard of the fixing eye 
falls (fig. 7). 


Simultaneous retinal perception can be 
demonstrated outside this area of suppres- 
sion. In some patients the suppression area 
may be demonstrated only by foveal tar- 
gets. It may extend toward the periphery, 
but it is not so complete that simultaneous 
retinal perception is impossible. 


Frequently, with adequate stimulation by 
the use of unequal light intensity, oscilla- 
tion, or flickering, superimposition and fu- 
sion are possible at the objective angle of 
deviation. The patient may have small 
amplitudes away from the angle. When fu- 
sion breaks in divergence, the patient sup- 
presses alternately as one of the images 
is within his suppression area, but he is 
usually aware of diplopia when fusion 
breaks in convergence. 


Treatment includes (1) refraction, (2) 
patching, (3) preoperative orthoptics, (4) 
surgery, (5) postoperative orthoptics and 
(6) horizontal or vertical prisms, if neces- 


sary. If a vertical component is present, the 
prescription of vertical prism frequently 
disrupts the established area of suppression 
sufficiently to encourage diplopia and may 
result in or aid in the development of 
fusion. 


It is our practice to patch the eyes of 
those patients alternately preoperatively, or 
to patch the dominant eye each morning if 
dominance is expressed, and attempt to get 
fusion at the angle and work on amplitude 
training before surgery. In other words, we 
attempt to develop good fusion before sur- 
gery. We do not delay surgery long for 
this purpose, however, as these patients are 
easily amenable to postoperative fusion 
training, and with good surgical alignment 
they can aid their own cause postoperative- 
ly by using the eyes without a patch. 


DISCUSSION 


Those patients who cannot superimpose 
or fuse at their angle may have simultane- 
ous retinal perception at some setting on 
the machine. At times it may be difficult 
to classify the patient definitely according 
to his correspondence. ‘These patients 
should have patching, orthoptics to break 
up suppression, surgical realignment, and 
other treatment as indicated. Sometimes a 
satisfactory result is very difficult to achieve. 
Favorable changes after surgical realign- 
ment are seen in some patients after the 
passage of considerable time. Fusion may 
develop several years after surgery, even 
when active therapy has been abandoned. 


Little mention is made in this paper of 
refractive error; however, we assume an 
adequate cycloplegic refraction is done in 
all cases. Esotropias should have a full hy- 
peropic correction or as little myopic cor- 
rection as is possible consistent with best 
visual acuity. Exotropias are refracted 
similarly, but a full hyperopic correction 
may not be given, or a myopic error may 
be overcorrected. Postoperatively the glas- 
ses prescribed are manipulated as may seem 
indicated, always, however, giving the full 
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cylinder and never prescribing lenses which 
cause any reduction in visual acuity. All 
patients are refracted two or three months 
after surgery to pick up any change in re- 
fractive error occasioned by the surgery, 
sooner if any manipulation of the prescrip- 
tion to aid fusion is contemplated. 


Patching is usually done alternately, using 
an adhesive patch to occlude the eye com- 
pletely. If any preference is expressed, the 
dominant eye is patched. The mother is 
told to patch the eye which is straight each 
morning when she changes the patch. 


Postoperatively, if the surgical realign- 
ment is not perfect and a few prism diop- 
ters of deviation remain, we use “clip-on” 
prisms over the patient’s glasses to com- 
pensate for this, and may later incorporate 
this into the lenses. 


Alternators of middle age or over must 
usually be satisfied with a cosmetic result. 
Reasonably extensive therapy by patching 
is usually valueless and financial considera- 
tions, if the patient is the “breadwinner,” 


or cosmetic reasons, if in college, frequently 
make patching and other therapy, which in 
this age group would necessarily be pro- 
longed, unwise. A residual esotropia, well 
hidden by the angle kappa, is the most prac- 
tical result to attempt here. 


Developing fusion in alternators is, as a 
general rule, much more difficult than in 
monocular deviators; and for practical pur- 
poses the more difficult cases must be co- 
operative, live close by so that they may 
be seen often and return as often as neces- 
sary for therapy, and have sufficient funds 
for extensive orthoptics. We are frequently 


well satisfied with good vision in each eye 
and a good cosmetic result. From a prac- 
tical standpoint these people have a good 
adjustment to their deviation and are only 
slightly inconvenienced by it. 


DISCUSSION 


JULIA E. LANCASTER, San Francisco, Calif.: 
Nothing but compliments can be extended to 
Lieutenant Stickle and Mrs. Laughlin for develop- 
ing this analysis of one of the most knotty of 
orthoptic problems. Anything which helps us 
to classify orthoptic patients is valuable for both 
treatment and prognosis. Once we know what 
is preventing the patient’s development of binocu- 
larity, we can plan efficient treatment without 
fumbling and waste of time. Moreover, the 
technician who can make reliable recommenda- 
tions about prognosis is a jewel both to the oph- 
thalmologists and to parents. 


I think every technician would agree that the 
degree of difficulty in arousing binocular aware- 
ness is a close guide to the probable difficulty 
of eventually establishing fusion. As presented 
by Mrs. Laughlin, it is obvious that every possi- 
ble skill and technic must be used to try to 
stop alternation. The less the skill of the tech- 
nician the more likely will she be to conclude 
that it cannot be done. Before classifying a pa- 
tient as a “true” or “truly stubborn” alternator 
be sure that no technic has been neglected which 
might lead to a more favorable classification. 
The only danger lies in making a diagnosis 
which postpones orthoptic treatment beyond the 
age of best learning. If on an early visit the 
patient is classified wrongly as unsuitable for 
orthoptic training, then he will not get the fu- 
sion experience on the amblyoscope which might 
be of more value to him while young than 
later in life. 


It is important to balance the value of orthop- 
tic training during the years of easy learning 
against the tedium of futile lessons for a patient 
whose chances of achieving binocular visual hab- 
its are remote. 
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THE MANAGEMENT of intermittent exo- 
tropia is one of the most confusing prob- 
lems in the field of strabismus. Much of the 
confusion results from the lack of a clear 
definition of intermittent exotropia and 
failure to clearly differentiate it from true 
exophoria. It is the purpose of this paper 
to differentiate more clearly these two 
entities, which perhaps have a common 
etiologic basis but manifest quite different 
sensory-motor anomalies in the adult 
group, and require entirely different man- 
agement. 


Intermittent exotropia is one of the most 
variable of the ocular sensory-motor anom- 
alies. There is seemingly a coexistence of 
two conditions. At one moment the patient 
may be fusing with normal retinal cor- 
respondence and full sensory fusion with 
relatively no symptoms. In another in- 
stant, one eye may assume a position of 
divergence unknown to the patient, and 
profound sensory anomalies may be mani- 
fest. At a different fixation distance the 
same patient invariably may demonstrate 
only one of these two conditions. It is not 
surprising, therefore, that considerable con- 
fusion exists in using the terms “exophoria” 
and “intermittent exotropia.” The term “in- 
termittent exotropia” (Lancaster?) is de- 
scriptive, is the one preferred by the 
Strabismus Symposium!’, is used in Philip 
Knapp’s® recent excellent discussion and is 
to be preferred to other terms such as facul- 
tative exotropia and divergence excess. 


It is possible to have one anomaly (such 
as constant exotropia) for distant fixation 
distance with profound sensory anomalies 
of suppression and anomalous correspond- 
ence, and to have a completely different 
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anomaly (such as exophoria) for near 
fixation distance with no sensory anomaly 
demonstrable. When two such different 
sensory-motor anomalies can exist, each for 
a different fixation distance, it is obviously 
difficult to include both situations, and con- 
vey what is meant, by use of a single de- 
fining term. Definitions of intermittent ex- 
otropia found in the literature almost al- 
ways include the term “exophoria” and at- 
tempt to include all fixation distances with- 
in the definition. Since intermittent exo- 
tropia is neither a wholly latent deviation 
nor always a manifest one, it constitutes a 
peculiar entity in so far as definitions of 
heterophoria and heterotropia are con- 
cerned, 


INTERMITTENT EXOTROPIA 


Intermittent exotropia may be described 
as that condition characterized by a change 
in the relative position of the visual axes 
from parallelism to that of divergence, oc- 
curring unaware to a naive patient, with- 
out change in accommodation or in the 
object of regard. Such a patient has inter- 
mittent exotropia for that fixation distance, 
regardless of whether the phenomenon oc- 
curs rarely, occasionally, or frequently. 
Such a definition implies that intermittent 
exotropia may be associated with another 
different ocular sensory-motor anomaly at 
another fixation distance. For any given 
fixation distance, if an eye ever “wanders 
out” without diplopia, that patient has in- 
termittent exotropia for that fixation dis- 
tance. It will be noted that the term “ex- 
ophoria” is not used within the definition 
and is reserved for a specific entity to be 
differentiated from intermittent exotropia. 
This is in sharp distinction from previous- 
ly established custom. 
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Other definitions of intermittent exo- 


tropia (divergence excess) follow: 


A. That form of ocular muscle imbalance 
which exhibits exophoria more marked for dis- 
tance than for near, with normal prism conver- 
gence and near point of convergence, an ex- 
cessive ability to overcome diplopia by prisms 
base in.¢ 


B. Divergence Excess: Exophoria marked for 
distance, less for near (relations for near may 
be nearly normal). Convergence near point nor- 
mal or nearly so. Prism divergence large (in 
typical cases disproportionately so; i.e., it is 
greater than seven degrees plus the exophoria 
for distance). Prism convergence often normal 
and affected with facility.4 


C. Divergence Excess 

1. For distance there is exophoria of five to 
thirty prism diopters or more. The power of 
divergence, as measured by the prism base in, 
is greatly increased and may be as high as thirty- 
three prism diopters. It is a constant factor, un- 
varying throughout repeated examinations. Lat- 
eral movements of the eyes are unaffected. There 
may be intermittent crossed diplopia, which is 
usually superable. This does not vary in amount 
in the lateral field, but diminishes as the test 
object is approximated to the patient. 

2. For near objects, muscular deviation is 
within normal limits, and the near point of con- 
vergence is normal.3 


D. Divergence Excess: Marked exophoria for 
distance. prism divergence. Normal 
prism convergence. Normal muscle balance at 
13 inches. Normal near point of convergence. 
Lateral movements of eye in and out, normal in 
extent and comitant. Diplopia, if present, not 
increasing right or left.5 


Excessive 


Other authors have chosen to assign an 
amount by which the distance anomaly 
must exceed the near anomaly, which fur- 
ther confuses the picture of just what con- 
stitutes the characteristics by which a case 
of intermittent exotropia may be identi- 
fied. It is proposed that the diagnosis of 
intermittent exotropia may rest or fall on 
the fact than an eye “walks out”* under a 
given set of conditions described above. 


In the descriptive definition of inter- 
mittent exotropia, the following factors are 
of importance: (1) fixation distance, (2) 


\ term used in a similar connection by Linksz.” 


character of object fixated, (3) attention 
status, and (4) naivete of patient. These 
factors require further explanation. 


1. Fixation Distance 


One may have intermittent exotropia 
for either distance or near fixation, or both. 
Intermittent exotropia may be said to exist 
for distance and not for near fixation if an 
eye rarely, occasionally, or frequently “wan- 
ders out” while fixing distant objects but 
never does so for fixation of near objects. 
Intermittent exotropia may be said to ex- 
ist for both distance and near if an eye at 
times “wanders out” for both distance and 
near fixation. Distance (6 meters) and 
near (40 cm.), are two rather arbitrary 
fixation distances that are clinically useful 
delineations in the diagnosis of any strabis- 
mus situation that may be different for one 
or the other of the two fixation distances. 
This is merely the application of descrip- 
tive terms for each fixation distance. With 
respect to the prognosis and management 
of various strabismus situations, it has 
more than academic differentiation. 


The importance of differentiating the 
type of anomaly found at distance fixation 
from that found at near fixation was util- 
ized by Duane’ in his classification of motor 
anomalies into those of divergence and con- 
vergence. The descriptive terms used here 
for the exact characteristics of the ocular 
sensory-motor anomaly for each of the two 
fixation distances is comparable to Duane’s 
classification of anomalies at distance fixa- 
tion (of divergence) and at near fixation 
(of convergence) but, as Knapp* points 
out, avoids the etiologic basis implied in 
these terms. Although the Duane classifi- 
cation is still widely used, and although it 
is difficult to alter custom, there is a grow- 
ing trend to use the descriptive type of 
nomenclature relative to fixation at distance 
and near as to whether there is never a 
frank involuntary tropia (phoria), occa- 
sionally a frank tropia (intermittent 
tropia), or always a frank tropia (con- 
stant ). 
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2. Character of Fixation Object 


The type of fixation target used during 
testing conditions may also influence the 
relative ease by which the exact character- 
istics of the divergent deviation become 
manifest to the examiner. A muscle light 
at 6 meters more frequently elicits the 
deviation than letters of equal size, perhaps 
because of the difference in attention re- 
quired to fixate each. A fixation object re- 
quiring attention is less apt to reveal the 
full extent and exact characteristics of the 
divergent deviation. Similarly, objects fix- 
ated at greater than 6 meters distance are 
more likely to reveal the true characteris- 
tics of the deviation. White!’ recommended 
45 to 60 meters in testing cases of diver- 
gence excess. It is obvious that the three 
factors of fixation distance, character of 
fixated object, and attention status are in 
some ways interrelated. 


3. Attention Status 


Inattention in some way helps trigger 
the mechanism that causes an eye to diverge 
(wander out) in intermittent exotropia. 
Attention is the key to the fusion mechan- 
ism. Inattention to the object of regard 
lessens the stability of fusion. Helmholtz’ 
recognized the psychological factors in- 
volved in attention and its relationship to 
the fusion mechanism. The relationship of 
contour and attention has been described 
by Fechner®, and its especial importance 
with regard to the condition of intermittent 
exotropia has been recognized by many 
authors. There may be degrees—more or 
less—of attention given to the object of 
regard. The case histories of intermittent 
exotropia bring out the importance of the 
factor of attention in revealing that the 
divergent deviation becomes manifest espe- 
cially when the patient is tired, ill or day- 
dreaming. Attempts to establish the diag- 
nosis of intermittent exotropia may be 
aided or hindered by the relative degree of 
attention during testing conditions. One 
may not note the intermittent divergent 
deviation if the patient's attention is held 


securely by the object of regard at the time 
of examination. Sometimes the deviation 
will not become manifest even with re- 
peated cover tests. If the parents of a child 
patient give a history of an eye “wander- 
ing out” at times, which is not revealed by 
cautious initial examination, the diagnosis 
of intermittent exotropia is by no means 
adequately ruled out. Re-examination with 
varying states of inattention may reveal 
that the parents were correct in their ob- 
servation. With divergent deviations, the 
parents are usually correct; with conver- 
gent deviations, the examiner is usually 
correct. 


4. Naivete of Patient 


The descriptive definition of intermittent 
exotropia stated that the diagnosis was 
established if an eye diverged rarely, oc- 
casionally, or frequently, without the 
awareness of the patient. Not all patients 
with intermittent exotropia remain naive. 
Some patients are taught or learn tricks of 
awareness of eye position, have diminished 
suppression by orthoptic treatment, or in 
some way become aware of the deviation 
when it becomes manifest. These are tricks 
—very useful to the patient—which en- 
able him to “catch himself” when the eye 
begins to diverge. The exact nature of this 
mechanism remains to be elucidated. Such 
patients may still have the passive and pos- 
sible active factors operating in their ocu- 
lar sensory-motor anomaly of intermittent 
exotropia and the evaluation of the per- 
manency of such learned tricks remains un- 
clear. 


In summary, then, intermittent exotropia 
is a condition in which an eye “wanders 
out” without the awareness of the patient, 
under certain conditions of relative inat- 
tention. If an eye “walks out on a patient 
unannounced” rarely, occasionally, or fre- 
quently, while fixation distance, accommo- 
dation, and object of regard remain un- 
changed, then intermittent exotropia may 
be said to exist for that fixation distance. 
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DIFFERENTIAL CHARACTERISTICS 

That some important differences exist 
between the conditions of exophoria and 
intermittent exotropia have been recog- 
nized by many authors, although the two 
continue to be rather confused and ill-de- 
fined. The most marked confusion results 
when intermittent exotropia exists for one 
fixation distance and exophoria for an- 
other fixation distance. Duane* was cog- 
nizant of this fact when he offered explana- 
tory notes, remarking that it was “some- 
times difficult to diagnosticate” one condi- 
tion from the other following the coexist- 
ence of divergence excess with either con- 
vergence insufficiency or convergence excess. 
Bruce® stated that in the differential diag- 
nosis of divergence excess, “the chief con- 
dition to be ruled out is convergence in- 
sufficiency.” Bruce recognized this impor- 
tant difference and, relative to the con- 
flicting evaluation of treatment which in- 
variably follows conflicting and ill-defined 
definitions, found that “the disputants are 
not on common ground. Selecting the most 
articulate representative in each camp, one 
discovers that both Dunnington and Berens 
and his collaborators agree as to the findings 
for distance in divergence excess but differ 
in their ideas as to what the findings for 
near vision should be.” And further, “one 
must conclude that Berens and 
laborators were treating the convergence 
insufficiency. It appears, then, that pure 
divergence excess is not amenable to or- 
thoptic training, but that in cases in which 
convergence is affected, the condition may 
be expected to yield to this measure.” The 
important point to observe here is that 
Bruce was cognizant of the importance of 
differentiating between the phoria and the 
intermittent tropia relative to treatment 
evaluation; but in discussing Bielschow- 
sky's famous case of divergence excess’, 
he stated that even though Bielschowsky 
believed that divergence for distance may 
be the normal position of rest in certain 
persons, “nevertheless, if a patient has ex- 
cessive divergence, he has divergence ex- 


his col- 


cess.” It is because of such confusion that 
an attempt is made here to more clearly 
differentiate these conditions. 


EXOPHORIA 

Exophoria may be described as that con- 
dition characterized by a wholly latent 
divergent deviation, never manifest except 
by conscious awareness and always with 
diplopia, for a given object of regard at a 
stated fixation distance without change in 
accommodative state. Such a patient has ex- 
ophoria for that clearly observed object of 
regard. 


It is clinically useful to use the terms 
“exophoria for distance” and “exophoria 
for near” for uniformity of descriptive 
nomenclature and, for purposes of this pa- 
per, to point out more clearly the differ- 
ences between true exophoria and intermit- 
tent exotropia. More strictly speaking, one 
may choose to define exophoria as a condi- 
tion confined to the distant fixation dis- 
tance and describe it as the latent deviation 
measured by the fusion free position when 
the eyes fixate a distant object in the pri- 
mary position with accommodation relaxed. 
If one uses the term “exophoria for near,” 
one implies that the eyes are accommodated 
for the near object of regard and the latent 
deviation is now measured by an appropri- 
ate determination of the fusion free posi- 
tion, 


Comparison of the descriptive definition 
of exophoria and that for intermittent exo- 


tropia reveals that the main differential 


point is that of the presence or absence of 
diplopia when the divergent deviation be- 
comes manifest; in other words, the pres- 
ence or absence of suppression when the 
eye is divergent. The extreme importance 
of suppression as the differential point will 
become evident in accounting for most of 
the differences in characteristics of the two 
conditions. The significance of suppression 
in the management of intermittent exo- 
tropia has long been recognized and has 
recently been emphasized by Knapp*. 
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Exophoria is simply a matter of diver- 
gent position of rest of the visual axes 
which is held latent by the function of con- 
vergence. There is an absence of the sen- 
sorial adaptation of hemiretinal suppression 
found in strabismus to eliminate the di- 
plopia when the eyes are manifestly diver- 
gent. Axial suppression (foveal, macular) 
of varying degrees may be present as in 
any heterophoria, but there is an absence of 
the hemiretinal type of suppression so 
characteristic of heterotropia’*. The hemi- 
retinal character of suppression is demon- 
strable in intermittent exotropia whenever 
the eyes are divergent. In true exophoria 
whether the deviation is held latent or 
“allowed” to become manifest, a hemiretinal 
type of suppression is never demonstrable. 


“Voluntary” Divergence 


Some patients with a large degree of 
exophoria may “let” one eye diverge, with 
constant diplopia when so doing. This 
is a conscious trick and physiologically it is 
nothing more than relaxation of the con- 


vergence used to keep the divergent devia- 
tion latent. This type of so-called “volun- 
tary” divergence is voluntary only insofar 
as the patient “allows” the function of con- 
vergence to relax so that the visual axes 
may assume the divergent position of rest. 


Function of Divergence 

That so-called “voluntary” divergence is 
an artifact in nomenclature may be shown 
by measuring the characteristics of the 
convergent and divergent fusional am- 
plitudes. In exophoria there are usually 
clear-cut determinations of blur, break, and 
recovery points, the magnitudes of which 
substantiate the fact that there is a diver- 
gent position of rest with convergent and 
divergent fusional amplitudes balanced 
around this point. If prism divergence is 
measured from the zero (parallel axes) 
fusion position, one must remember that 
the initial increase in base-in prisms mere- 
ly measures the relaxation of convergence 
until the amount of base-in prisms equals 
the phoria or position of rest. In exophoria 


the function of divergence is not being 
called upon to operate except relative to 
the divergent position of rest, and as a mat- 
ter of fact, such measurements are often 
found to be low, probably because the 
divergent function is not much called up- 
on in patients with exophoria*. Dunning- 
ton’ and Posner!! found high values of 
“prism abduction” but may not have clearly 
differentiated between the true exophoria 
and intermittent exotropia in comparing 
such determinations. 


To determine the characteristics of the 
function of divergence in intermittent exo- 
tropia by the prism divergence method is 
by no means easy. Clear-cut end points and 
repeatable findings are not found as is the 
case with exophoria. Bair'? has noted this 
confusion and remarked that “prism con- 
vergence and divergence are difficult to 
measure at distance in most cases because of 
suppression and lack of fusion.” If prism 
divergence is measured in patients with in- 
termittent exotropia so that the eyes may 
be directly observed, the following charac- 
teristics of the determination may some- 
times be noted. The visual axes assume a 
progressively more divergent position in re- 
sponse to increasing amounts of base-in 
prisms introduced before the eyes. With 
gradual increase in the amount of base-in 
prisms, a point is soon reached when the 
visual axes rapidly assume a widely diver- 
gent position (as in the manfest phase of 
intermittent exotropia), during which time 
there is usually an absence of diplopia. If 
diplopia is present, it is extremely tran- 
sient. From this point on there exists the 
strabismic type of hemiretinal suppression, 
and further increase in base-in prisms 
moves the retinal images over an area of 
hemireti..al suppression. When sufficient 
base-in piism has been introduced so that 
the retinal image crosses the foveal line into 
the nonsuppressed hemiretina, then di- 
plopia invariably results. This determina- 
tion, however, is in no way to be confused 

* Adler! has recently demonstrated experimentally 


that during divergence from the convergent position, 
the lateral rectus muscles are actively innervated. 
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with a measurement of the function of 
divergence. This proposed mechanism may 
account for the high, constant prism diver- 
gence measurement found in intermittent 
exotropia by some authors. 


To recapitulate, then, the sensory-motor 
findings in exophoria are no more mys- 
terious than those found in normal pa- 
tients with good fusion (of whom approx- 
imately 80 per cent have some hetero- 
phoria) except that in larger degrees of 
exophoria, some patients have learned the 
trick of relaxing the convergence necessary 
to keep the divergent deviation latent (or 
through fatigue) with invariable persis- 
tent diplopia as long as, and whenever, the 
divergence becomes manifest. 


In exophoria, as in other true hetero- 
phorias, there is always only normal retinal 
correspondence. True heterophoria is in 
fact characterized by the absence of the 
strabismic type of sensorial adaptation of 
hemiretinal suppression and the occasional 
presence of anomalous retinal correspond- 
ence. 


Exophoria in adults (over 6 years of 
age) is usually nonprogressive in degree 
throughout life, although the management 
situation may become aggravated when the 
presbyopic age is reached. Intermittent ex- 
otropia, on the other hand, may be progres- 
sive throughout life in both degree and fre- 
quency of deviation. 


Exophoria may cause symptoms. The 
symptoms of heterophoria are described 
well in text books. The symptoms of in- 
termittent exotropia are less well defined 
and are minimal when compared with those 
of exophoria. When fusing with the visual 
axes parallel, patients with intermittent ex- 
otropia, curiously, are relatively asympto- 
matic. It is precisely the inability of the 
adult patient with true exophoria to de- 
velop similar suppression that is responsi- 
ble for the possibility of profound symp- 
toms consequent to overcoming the diver- 
gent position of rest with a continued con- 


vergence effort. In intermittent exotropia 
the chief complaint is that of cosmetics; 
namely, that of the eye “wandering out.” 
It is the profound suppression mech- 
anism in effect when the eye is divergent 
that renders cases of intermittent exotropia 
relatively asymptomatic. 


It may serve some useful purpose to 
summarize the differential characteristics 
of exophoria and intermittent exotropia in 
tabular form (table 1). For the sake of com- 
pleteness, a few points relative to manage- 
ment of the two conditions have been add- 


ed. 


Although it is not within the scope of 
this presentation to discuss the pathogenesis 
of the conditions, or their differential man- 
agement, a few general remarks in this con- 
nection seem indicated. It is believed that 
exophoria and intermittent exotropia have 
a common etiology and usually arise dur- 
ing infancy. If the hemiretinal type of pro- 
found suppression is not developed during 
the time when it is capable of developing 
(namely, before the age of 6 years), then 
true exophoria persists throughout adult 
life and becomes primarily a problem of a 
motor anomaly. If the hemiretinal type of 
suppression does develop, then intermit- 
tent exotropia results, which may become 
more progressive throughout life. The 
problem then becomes one of profound 
sensory change, as well as of continued mo- 
tor change. It is probable that an active 
factor in the divergence mechanism plays 
a role. These views will be elaborated upon 
in a subsequent publication. 


Since adult exophoria has no profound 


sensory adaptation to the anomalous posi- 
tion of rest, the management of symptomat- 
ic exophoria becomes simply a problem of 


motor balance. That is, position of rest (fu- 
sion free position) in relation to the fusion- 
al amplitude, especially the convergence re- 
serve. That is why any treatment directed 
at even partially improving the motor bal- 
ance is effective in eliminating symptoms 
due to exophoria. 
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TABLE | 


SUMMARY OF DIFFERENTIAL DIAGNOSTIC CHARACTERISTICS OF 
EXOPHORIA AND INTERMITTENT EXOTROPIA* 


EXOPHORIA INTERMITTENT EXOTROPIA 


May “let” eye diverge momentarily . Eye “wanders” out (unaware) 

(aware ) 

Diplopia invariable when eye divergent . No diplopia when eye divergent (in naive 
patient ) 


Chief complaint (if any): asthenopia . Chief complaint (if any): cosmetic defect 
of eye ‘wandering out” 


When fusing may be symptomatic . When fusing usually asymptomatic 


Hemiretinal suppression absent under all . Hemiretinal type of suppression profound 
conditions when divergent 


Magnitude of divergent position of rest . Magnitude of divergent position and char- 
relatively stable throughout life acter of anomaly may become more pro- 
found throughout life 


Only normal retinal correspondence found . Either normal or anomalous retinal cor- 
under any conditions respondence may be present when divergent 


Prism divergence measurements relatively . Prism divergence measurements unreliable 
reliable and confusing 


Function of divergence relatively normal . Probable active neurogenic factor in diver- 
without active factors gence mechanism 

Management primarily a motor problem . Management primarily a sensory problem 
a. Treatment: A little prism, orthoptics, plus motor problem 


surgery, may alleviate chief complaint a. Treatment: A little prism, orthoptics, 
surgery, usually unsatisfactory in alleviat- 


ing chief complaint 


*It may be noted that most of the differential points listed are directly related to the factor of suppression 


A. A little base-in prism incorporated ed at the same improvement of the motor 
in ophthalmic lenses relieves the burden of aspect of the problem, usually meets with 
continued convergence. failure in correcting the chief complaint of 

; ; a : the cosmetic defect of the eye “wandering 

B. A little orthoptic training to increase our” In the management of intermittent 
the convergence amplitude is effective by exotropia special attention must be given 
increasing the amount of reserve in a tamed 0 the sensory aspects of the problem, espe- 
convergence function, which is fortunately cially that of suppression, as well as to more 
responsive to the will and to this type of than partial correction of the motor posi- 
management. tion of the visual axes. 


C. A little surgery to improve, but not 
necessarily correct, the divergent position REFERENCES 
of rest is likewise effective in alleviating . Adler, Francis Heed: Pathologic physiology 
of strabismus, A.M.A. Arch. Ophth., 50:19- 


symptoms. 
29 (July) 1953. 


The management of symptomatic exo- 

phoria is sharply contrasted with the man- Berens, Conrad, Hardy, LeGrand, and Stark, 
enamnens of laserunineas enetsenie. A Wels Elizabeth: Divergence excess; its incidence, 
age we © . =. its correlation with refraction, and the value 
improvement in the motor aspect of the of orthoptic treatment, Tr. Am. Ophth. 
problem is usually sufficient to alleviate Soc., 27:263-275, 1929. 
‘ ms *xophoria; w in inter- , . 
— ms of or ph — hereas ™ — 3. Bruce, G. M.:Ocular divergence; its physi- 
mittent exotropia a little prism, a little or- ology and pathology, Arch. Ophth., 13 :639- 
thoptic training or a little surgery, direct- 660 (April) 1935. 
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DOROTHY PARKHILL 
NEW YORK, N. Y. 


THE ADVENT of three dimensional mo- 
tion pictures has stimulated not only the 
layman concerning the entertainment pos- 
sibility of stereoscopic vision, but the oph- 
thalmologist and the orthoptist as well. We 
as orthoptists can readily appreciate the 
grand aid to visual training which this 
process places within our reach. 


Cinerama is not three dimensional but 
depends for its effect upon the stimulation 
of peripheral vision, while central vision 
is being utilized. Three cameras of the con- 
ventional type take pictures of the scene. 
Three projectors flash the picture on an 
especially enlarged screen. The middle pro- 
jector flashes pictures on the middle screen 
—the projector to the right flashes pic- 
tures to the left, and the projector on the 
left flashes pictures to the right. The effect 
is a panoramic, not a stereoscopic, view. 


American 
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The observer is engulfed by the scene; and 
he feels he is part of it. 


With three dimensional films two stereo- 
scopic camera lenses are used. When there 
is an increase in the separation of the 
lenses, the image will create the illusion of 
being extremely close to the observer, or 
when the separation between the lenses is 
decreased, the image will appear to recede. 
The pictures flashed on the screen are not 
perfectly superimposed, since they are 
taken from two different angles. The ob- 
server views the picture through polaroid 
lenses, with the axis of polarization of one 
lens at right angles to that of the other 
lens. Each eye sees a separate picture and 
when there is stereoscopic vision present 
a binocular depth sensation occurs. 


The goal of the orthoptist is to make it 
possible for the strabismic subject to util- 
ize this phenomenon which can be ap- 
preciated only by those who have binocu- 
lar vision. 
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Visual acuity of both eyes is not great- 
ly superior to one, nor is the brightness of 
objects perceived more than slightly great- 
er in binocular vision. Since the phenome- 
non of stereopis is the only way in which 
binocular vision demonstrates itself as bet- 
ter than monocular vision it is well to re- 
view the facts of spatial localization. 


We can attribute visual localization in 
space not only to binocular vision but also 
to certain factors which are referred to as 
empirical or secondary spatial clues and 
which are usually monocular in origin. 
Though stereopsis provides a more vivid 
and accurate relative depth discrimination, 
a perfection of spatial localization results 
from an integration of empirical and stereo- 
scopic stimuli. 


What are these secondary factors of 
stereopsis? Mainly they are the psychologic 
conceptions obtained by experience and 
learned by the stimulation of all the sense 
organs. Some of the more important fac- 
tors follow. 


1. Perspective: Linear perspective is the 
apparent convergence of parallel lines as 
they recede into the distance. The farther 
away images of equal size are, the smaller 
the retinal images. The extremely young 
child may see that the smallest cat in a 
picture drawn to scale is the smallest and 
his older friend will know that the smallest 
cat is the farthest. Thus the size of a retinal 
image related to a known size provides an 
important estimation of the distance of 
objects. 


2. Highlights and shadows: They pro- 
vide important clues by virtue of their 
shapes, intensity and their relationship to 
other objects. As an example, when light 
comes from above, the lower part of a 
projection which receives the illumination 
appears raised, the upper part indented. 
This empirical concept may be utilized by 
the artist to create an illusion of depth. 


3. Overlay: Near objects tend to over- 
lap and hide the more distant objects. 


4. Aerial perspective: The edges of dis- 
tant objects are less clearly defined owing 
to atmospheric haze. In a clear dry atmos- 
phere images appear very close when in 
reality they are very far away. In foggy 
weather or when flying in mountain ter- 
rain, objects may appear farther away than 
they actually are. 


5. Height: An object seen above others 
is viewed as farther away. 


6. Parallax: This is the depth impression 
created by the displacement of unequally 
distant objects in motion, regardless of 
whether the objects move in respect to the 
observer, or the head and eyes of the ob- 
server move. This is a most important 
secondary clue to space localization. It is 
a highly developed response, and the pre- 
cision of depth estimation thus attained is 
comparable to that of stereoscopic acuity. 
In motion parallax the relative motion must 
be of sufficient extent, velocity, and dura- 
tion. Near objects are apparently retarded 
or with respect to the principal object of 
attention move to the side opposite the ob- 
server. The object of attention seems to be 
at rest, farther objects seem to participate 
in the motion unless the velocity is ex- 
tremely excessive. In distance fixation, far 
objects seem to be at rest, less far objects 
somewhat retarded and near objects greatly 
retarded. In stereoscopic perception of 
moving objects the relative motion is a 
contributing factor and is more precise for 
an approaching than for a receding ob- 
ject. Motion parallax occurs not only in 
monocular vision but also in binocular 
vision as well. In the uniocular crescent of 
the peripheral field, depth localization de- 
pends entirely upon the factor of motion 
parallax; this is of much practical impor- 
tance to the automobile driver or the land- 
ing pilot. The combination of these fac- 
tors is responsible for the excessive stereop- 
sis of stereo motion pictures. 


What is the essential difference between 
stereopsis and depth localization attained 
through the afore-mentioned empirical fac- 
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tors? Binocular clues for stereopsis depend 
upon normal retinal correspondence, sta- 
bility of fusion, and absence of suppression 
of any marked degree. Stereopsis depends 
upon the stimulation of horizontally dis- 
parate retinal elements. In the case of an 
exclusively vertical disparity there is no 
essential change in visual impressions. 
However, in the case of a horizontal dis- 
parity of simultaneously stimulated retinal 
elements, a new quality of sensation is 
added—a bulging out toward the observer 
or away from him. If the horizontal dis- 
parity exceeds the fusional area referred to 
as Panum’s area, double vision occurs. 


In near vision a far object stimulates dis- 
parate retinal elements which compared to 
the corresponding retinal elements are lo- 
cated nasalward. A nasal disparity creates 
the subjective impression of “farther 
away.” The distance becomes increasingly 
farther the greater the nasal disparity. On 
the other hand, a near object stimulates 
temporally disparate retinal elements which 
lie temporalward to the corresponding re- 
tinal elements. A temporal disparity creates 
the subjective impression of “nearer to,” 
and the impression of nearness is increas- 
ingly greater the greater the temporal dis- 


parity. 


The stereoscope reveals the essential 
difference between the monocular and the 
binocular perception of depth. By means 
of suitable targets, disparities of the images 
of the two eyes can be introduced which 
are almost entirely free of secondary clues. 
A sense of depth will be perceived which 
is not evident when the image is viewed 
by one eye alone. We seem actually to see 
the empty space between objects. Stereop- 
sis is therefore a specific response or sen- 
sation directly arising from physiologic 
stimuli. The empirical factors are psycholo- 
gic, result from past experience and by 
their very nature are equivocal. Beyond 650 
meters or a little less than a quarter of a 
mile, depth localization becomes entirely 
dependent upon these equivocal secondary 


factors, which accounts for erroneous judg- 
ment in distant space. 


Convergence plays an essential role in 
the binocular judgment of absolute dis- 
tance. On the other hand, in monocular 
vision only large sudden increases in ac- 
commodation are noticed or evaluated. In 
using the stereoscope, one of the first sen- 
sations of stereopsis which may be appre- 
ciated occurs when images are fused where 


the stereogram presents a gradually de- 


creasing or increasing horizontal disparity. 


What is the nature of binocular vision 
of those subjects whose eyes have a motor 
anomaly or disharmonious position? The 
study of this disturbed relationship has at- 
tracted the interest of the practicing oph- 
thalmologist and the orthoptist as well as 
the theoretical scientist. First, this disturb- 
ance gives rise to double images of differ- 
ent sharpness; a sharp image of the object 
of attention, that formulated by the fovea 
of the fixating or dominant eye, and a less 
sharp image by the simultaneously stimu- 
lated eccentric area in the deviated eye. In 
the absence of binocular images on cor- 
responding retinal points, the establish- 
ment of fusional areas is lacking and the 
basis for stereoscopic vision is no longer 
present. There occurs an inhibition of the 
extrafoveal image of the object of attention 
in the deviated eye, as well as the foveal 
area in the deviated eye. This phenomenon 
of inhibition is present not only in per- 
sistent normal correspondence but also in 
abnormal correspondence. When a new 
anomalous unity of the visual directions 
of the two eyes occurs, it may be restricted 
to a certain part of the visual field. The nor- 
mal correspondence is displaced and under 
certain conditions it can reappear, possibly 
by changing the angle of deviation as by 
surgery or by simultaneous stimulation of 
both foveas. An attempt may be made to 
stimulate bifoveal fixation, while disparate 
peripheral retinal elements are stimulated 
simultaneously, creating a gross stereoscop- 
ic response. 
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It has been demonstrated that spatial dis- 
tortions may be introduced through changes 
in the relative image size by means of cer- 
tain lenses. People with high stereoscopic 
acuity may appreciate differences in the 
relative image size of less than a quar- 
ter of a diopter. The space eikonometer for 
aniseikonia examinations utilizes this fac- 
tor. 


When the eyes turn to observe a near 
object in asymmetric convergence, differ- 
ence in the sizes of the two images will be 
expected because the distance of the object 
from one eye will be greater than from the 
other. The difference will be greater the 
nearer the object is to the eyes, and the 
greater the degree of lateral turning. If one 
observes, for example, a coin in near vision 
with asymmetric convergence and the eyes 
are allowed to overconverge or undercon- 
verge slightly so that the object is seen in 
double vision, the image seen by the nearer 
eye appears larger. Under normal condi- 
tions monocular images of slightly differ- 
ent form and size are somehow combined 
into a single binocular image. 


Ames in 1931 found that when the arms 
of the haploscope were rotated in asym- 
metrical convergence there was an apparent 
change in the size of the targets. The ap- 
parent change in relative size was in the 
direction which would have corrected the 
difference in the sizes of the images had 
the eyes been observing under actual con- 
ditions with the same degree of asymmetric 
convergence. This apparent change in size 
with lateral gaze becomes greater as the 


targets are placed nearer to the eye, and is 
of such slight degree that it is not easily 
observed at six meters. 


In summary we may note: 


1. Stereopsis requires simultaneous vi- 
sion in both eyes and bifoveal fixation. 


2. Stereopsis occurs over the entire binoc- 
ular field and is not limited to the area of 
fixation. Stereopsis is usually measured in 
or near the macula, because there we find 
the keenest discrimination of depth. 


3. Stereoscopic acuity is usually related 
to the monocular visual acuity of the two 
eyes, though there is some variation in high 
degrees of stereopsis. 

4. Stereopsis may be entirely absent, 
though there be a high degree of visual 
acuity in each eye. 

5. Stereoscopic acuity will depend upon 
the same factors which affect visual acuity, 
such as illumination. 

6. Stereoscopic acuity depends upon the 
duration of the stimuli. 

7. There is a correlation between em- 
pirical clues and binocular stereoscopic 
acuity. 

8. The disparity of images in the two 
eyes provides the stimulus for stereoscopic 
sensation as well as fusional movements. 


The phenomenon of stereopsis continues 
to be a challenge for further study. What 
has been uncovered is merely an intro- 
duction, not a satisfactory theory of visual 
space. Further developments will require 
the efforts of those leaders who are investi- 
gating sensory relationships. 
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Editorials 


ANNUAL MEETING OF THE AMERICAN ASSOCIATION 
OF ORTHOPTIC TECHNICIANS 


The twelfth annual meeting of the Amer- 
ican Association of Orthoptic Technicians 
was held at the Palmer House in Chicago 
on October 11, 12 and 13, 1953. 

The first presentation of the Walter B. 
Lancaster Award was made to Miss Julia 
E. Lancaster for her outstanding contribu- 
tion in the field of Orthoptics. 

Winners of the 1953 slide contest were 
announced. First prize was awarded to Miss 
Mary Virginia Stallworth of Birmingham, 
Alabama; second prize to Miss Elizabeth 
Stark of New York, and third prize to Miss 
Dorothy Bair of Washington, D. C. 

A group Insurance Plan was approved 
by the American Orthoptic Council. How- 
ever, it was not fully subscribed and will 
be offered again in 1954. 

An attraction among the Scientific Ex- 
hibits was the exhibit organized by Miss 
Mary Kramer, on “Accommodative Eso- 


tropia,” which correlated with the sym- 
posium. 

Another exhibit on “Occlusion” was giv- 
en this year in New York by invitation of 
the National Association for the Preven- 
tion of Blindness at their convention. Co- 
chairmen for this exhibit were Miss 
Geraldine Wilson and Miss Evelyn Tay- 
lor. 

Following the general meeting the va- 
rious sections gathered and elected the 
chairmen and locations for the 1954 Re- 
gional Meetings. The results are as follows: 
1. Western Section at Portland, Ore. 

Ruth Wahlgren, chairman 

Midwestern Section at Rochester, Minn. 
Mary Cronin, chairman 

Eastern Section at Washington, D. C. 
Maria Borzillo, chairman 

Southern Section at Florence, S. C. 
Marguerite J. Worsham, chairman 
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BENEVOLENT UNCLE! 


Few orthoptic technicians realize the 
contribution made by one professional or- 
ganization to the growth and enlighten- 
ment of orthoptics. 


When the American Orthoptic Council 
was formed in 1938, three sponsoring or- 
ganizations collaborated to make the dreams 
of Miss Elizabeth Stark and Dr. LeGrand 
Hardy a reality. They were the Section on 
Ophthalmology of the American Medical 
Association, the American Ophthalmolo- 
gical Society, and the American Academy 
of Ophthalmology and Otolaryngology, and 
soon thereafter these were joined by the 
Section on Ophthalmology of the American 
College of Surgeons. The continuing en- 
couragement and support of these organi- 
zations have made possible the greatly ex- 
panded activities of the American Orthop- 
tic Council, the formation and growth of 
the American Association of Orthoptic 
Technicians, and the evaluation and great- 
er appreciation of orthoptics in the large 
field of ophthalmology. 


Because of its focal position, one of these 
organizations, with its secretary-treasurer, 
has been particularly helpful. The Amer- 
ican Academy of Ophthalmology and Oto- 
laryngology and Dr. William L. Benedict 
have given inspiration and implementa- 
tion to many of the most valuable activities 
of the American Orthoptic Council and the 
American Association of Orthoptic Tech- 
nicians. 


The Academy has made available a meet- 
ing room and announced in its general pro- 
gram the annual “symposium on orthop- 
tics,” jointly sponsored by the American 
Orthoptic Council and the Association of 
Orthoptic Technicians. This program has, 
during the past several years, occupied a 
position of increasing importance in the 
discussions of strabismus. 

The Academy has been particularly gen- 
erous to the individual certified orthoptic 


technician. For several years it has allowed 
them to register without fee and attend all 


general meetings and exhibits at the annu- 
al Academy meeting. Further, the Ameri- 
can Association of Orthoptic Technicians 
has been allowed each year to present an 
exhibit among the scientific exhibits. Dur- 
ing the past three years the exhibit has been 
especially valuable since it has been closely 
correlated with the subject matter of the 
annual symposium. 


Two years ago, the Academy, with the co- 
operation of Dr. A. D. Ruedemann, initi- 
ated instruction courses solely for orthoptic 
technicians. These courses (twelve in the 
first year and fifteen last year), covering 
the broad subjects of binocular vision and 
ocular motility, have been oversubscribed 
each year and give evidence of the orthop- 
tic technicians’ desire for advanced study. 
Both the physical arrangement and the sub- 
scription for these instruction courses is 
handled by the Academy. 


The latest proof of the Academy's sub- 
stantial interest in ocular motility and or- 
thoptics is the American Orthoptic Journal, 
the fourth issue of which is in your hands. 
Through the efforts of the late Dr. Richard 
Scobee, and with the full and continuing 
cooperation of the Academy and Dr. Bene- 
dict, the American Orthoptic Journal is 
growing and maturing with each annual 
publication. Now, not only does the orthop- 
tic technician have an annual meeting, in- 
struction courses, exhibit, and attendance 
privileges at the annual Academy meeting, 
but it also has a “printed voice,” the Amer- 
ican Orthoptic Journal—all through the 
cooperation and courtesy of the American 
Academy of Ophthalmology and Otolaryn- 


gology. 


It is impossible for the individual tech- 
nician to express her or his appreciation to 
the Academy for all of this, other than by 
a continuing growth in professional know- 
ledge and continued adherence to the best 
principles of professional ethics and prac- 
tice. “Uncle” Academy has been unusually 
good to us. 


FRANK D. COSTENBADER, M.D. 
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REMEMBER SUPPRESSION! 


IN A recent discussion of the standards 
that orthoptic technicians should meet, it 
was stressed that many of the basic concepts 
in our field are not sufficiently emphasized. 
It is imperative to stress upon the young 
student the importance of making a very 
thorough study of the sensorial aspects be- 
fore embarking upon the luring course of 
research. 

One of the important points brought up 
in the discussion which prompted this ar- 
ticle was the fact that some ophthalmolo- 
gists and even some orthoptic technicians 
tend to pass over the diagnosis and treat- 
ment of suppression. 

Suppression can exist in various forms 
and degrees. It may be peripheral or cen- 
tral, deep or slight, monocular or alternating. 
A person must be trained to understand 
that even though the patient shows no 
peripheral suppression there may be central 
suppression present. The trainee should be 
made to realize the importance of making 
a correct evaluation of this sign. 

The fundamental aim of orthoptic train- 
ing is to eliminate suppression, both 
peripheral and central. Too often one is 
satisfied with eliminating peripheral sup- 
pression without regard to the more diff- 
cult task of eliminating central suppression. 
Knowledge of the degree and density of 
suppression is essential in making an ac- 
curate prognosis as to the type and dura- 
tion of treatment. Therefore, one must first 
test for its presence and then treat it system- 
atically. 

The ultimate success of orthoptic train- 
ing depends upon the careful study and ob- 
servance of this simple basic principle. 

NANCcyY M. CAPOBIANCO 


REGIONAL MEETINGS 
THE 1953 regional meetings were well 
attended and much interest was shown in 
programs prepared by the respective chair- 
men. 
These mid-year meetings provided op- 


portunities for the exchange of ideas which 
pertained especially to the practical phases 
of orthoptics. The clinical setting and free- 
dom from congestion made it possible to 
include case studies and demonstrations as 
well as round table discussions. A complete 
report on the findings and recommenda- 
tions of the ethics committee of the Ameri- 
can Association of Orthoptic Technicians 
was read and discussed at each section meet- 
ing. 

Many of the papers prepared for these 
meetings were published in the 1953 Amer- 
ican Orthoptic Journal along with the Sym- 
posium papers from the previous annual 
meeting. 

The attention given to home training 
was noteworthy. “Be it ever so simple,” a 
little task (ranging from monocular fixa- 
tion to physiological diplopia) performed 
daily can be a stepping stone toward better 
binocular coordination at the next office 
visit. An alert orthoptist knows when con- 
ditions are favorable for supervised home- 
work and also possesses that “sixth sense” 
which tells one when any attempt at home 
exercises creates a greater problem than 
that which already exists. 

Other speakers at the spring meetings 
were chosen to present subjects closely al- 
lied to orthoptics. Judging from the com- 
ments which ensued, orthoptists are anxious 
to learn more about treating the child as 
an individual rather than as a “pair of eyes.” 
It may be easier to follow a set of proven 
principles automatically than it is to stop 
and weigh each problem; our technical 
training is invaluable in helping us to work 
quickly and accurately but the orthoptist 
must be a TECHNICIAN PLUS. 

Certainly our regional meetings, together 
with the annual meetings, give us a well- 
rounded program for the year. They also 
provide a brief respite from office routine 
at a time when this is most welcome. Be 
sure to attend your regional meeting in 
1954! 

ELsige H. LAUGHLIN 
Vice-President, 1952-1953 
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The American Orthoptic Council is composed of three representatives each from the 
American Ophthalmological Society, the Section of Ophthalmology of the American 
Medical Association, the American Academy of Ophthalmology and Otolaryngology, and 
the American College of Surgeons. Four associate members are elected from the American 
Association of Orthoptic Technicians. 


American Ophthalmological Society 


Dr. LeGrand H. Hardy Dr. Angus L. MacLean 
23 East 79th Street 1201 North Calvert Street 
New York 21, New York Baltimore 2, Maryland 


Dr. Walter M. Fink (President) 
Medical Arts Building 
Minneapolis 2, Minnesota 


Section of Ophthalmology, A.M.A. 


Dr. Hermann M. Burian (Vice-President) Dr. David M. Freeman 
University Hospitals Clayton Central Building 
lowa City, lowa Clayton 5, Missouri 


Dr. Edmond L. Cooper 
David Whitney Building 
Detroit 26, Michigan 


American Academy of Ophthalmology and Otolaryngology 


Dr. William E. Krewson, II Dr. Philip Knapp 
1930 Chestnut Street 635 West 165th Street 
Philadelphia 3, Pennsylvania New York 32, New York 


Dr. Frank D. Costenbader (Secretary-Treasurer ) 
1605 22nd Street, N. W. 
Washington 8, D. C. 


American College of Surgeons 


Dr. Murray F. McCaslin Dr. S. Rodman Irvine 
626 Union Trust Building 9730 Wilshire Boulevard 
Pittsburgh 19, Pennsylvania Beverly Hills, California 


Dr. Alston Callahan 
903 South 21st Street 
Birmingham, Alabama 


ASSOCIATE MEMBERS 


Miss Electra Healy (Pres., AAOT) Miss Elizabeth Jackson 
4753 Broadway Orthoptic Clinic, St. Vincent’s Hospital 
Chicago 40, Illinois Erie, Pennsylvania 


Mrs. Dorothy Laughlin Miss Ruth Fisher 
640 South Kingshighway 924 Republic Building 
St. Louis, Missouri Denver 2, Colorado 
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M. Fink, Dr. David M. Freeman, Dr. William E. Krewson, III, Miss Elizabeth Jackson. 


Committee on Ethics: Dr. Walter M. Fink, Chairman; Dr. LeGrand H. Hardy, Dr. Alston Callahan, 
Miss Electra Healy. 


Committee on Examinations: Dr. Frank D. Costenbader, Chairman; Dr. Edmond L. Cooper, Dr. 
Murray F. McCaslin, Mrs. Dorothy Laughlin. 


Committee on Publications: Dr. Hermann M. Burian, Chairman; Dr. S. Rodman Irvine, Miss Ruth 
Fisher. 


Committee on Advanced Certification: Dr. Kenneth C. Swan, Chairman; Dr. Hermann M. Burian, 
Dr. Frank D. Costenbader, and past presidents of the American Association of Orthoptic 
Technicians. 


Committee on Slide Contest: Dr. Angus MacLean and Associate Members. 
Committee on Delta Gamma: Dr. LeGrand H. Hardy, representative. 


Special Committee on Orthoptic “Practice”: Dr. Walter M. Fink, Chairman; Dr. LeGrand Hardy, 
Dr. S. Rodman Irvine, Dr. Frank D. Costenbader. 
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University of Colorado Medical Center 
4200 East 9th Avenue 
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Eye Institute, Room 524 
635 West 165th Street 
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Chairman: Julia Lancaster 
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Jean Robinson 
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Director: Laura B. Drye 
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The section on abstracts was made possible 
by the able assistance of Dr. Bruno Bagolini and 
Mrs. Shulamit Leibel and our abstract commit- 
tee, consisting of: 


Norma Glaser 
Inge Gutheim 
Jane Hall 

Jean Swenson 
Dixie Wehrheim 


CLASSIFICATION 


Amblyopia 
Correspondence 
Depth Perception 
Dominance 
Esotropia 
Fusion 
Instrument 
Miotics 
Miscellaneous 
Nystagmus 
Occlusion 
Physiology 
Reading Problems 
Suppression 
Technics 

16. Treatment 

17. Vertical Deviations 

18. Visual Acuity 


1-1 

Jaffe, Norman S., and Brock, Fred W.: 
Some phenomena associated with ambly- 
opia, Am. J. Ophth. 36:1075-1086 
(Aug.) 1953. 


The authors investigated the problem of 
whether there is foveal fixation in amblyopia. 
The procedure of their investigation involved 
the principle of ‘transferring’ the awareness of 
the afterimages from one eye to the other. The 
amblyopic eye is occluded, a vertical bar of light 


is presented to the nonamblyopic eye for 20 
seconds. The nonamblyopic eye is covered and 
the patient fixates with the amblyopic eye the 
central dot on a chart that is arranged much the 


same as a tangent screen. If both eyes are nor- 
mal, the patient reports an afterimage running 
vertically through the dot. Where no correspond- 
ence exists there is no awareness of the after- 
image in the exposed eye. If the “transfer’’ is 
reported running vertically through the dot then 


the nonexposed eye or amblyopic eye is fixating 
with the fovea. If the amblyopic eye uses an 
eccentric retinal area for fixation, the patient 
will report the “transferred” afterimage as being 
eccentric to the dot. Diagrams of steps in the pro- 
cedure are presented. 

The subjects consisted of 107 anisometric am- 
blyopes, 98 strabismic amblyopes, 48 alternating 
strabismics without amblyopia, and 40 patients 
with correctible refractive errors. Specific results 
in typical cases are reported. Tables of results 
are also presented. The authors conclude that 
many patients with amblyopia have eccentric 
fixation. 

Since fixation is eccentric in many amblyopes, 
“the depth of amblyopia is directly related to 
the eccentricity of fixation.” The more eccentric 
the fixation, the deeper the amblyopia. It was 
also found that most of the patients who demon- 
strated an eccentric “transfer” also had a cen- 
tral scotoma. 

The cases of 20 amblyopic patients, aged 6 
years to 23 years, who had total occlusion therapy 
for a maximum period of three and a half 
months, are summarized. 

The authors conclude that if central fixation 
exists, occlusion therapy is satisfactory. How- 
ever, the vision of the amblyopic eye did not im- 
prove when there was an absolute central sco- 
toma. It did improve when the scotoma was 
very small and the area of eccentric fixation 
variable. 


1-2 

Kasser, M. D., and Feldman, J. B.: Ambly- 
opia in adults, treatment of those en- 
gaged in the various industries, Am. J. 
Ophth., 36:1443-1446 (Oct.) 1953. 


The authors present a preliminary report on 
the treatment of amblyopia in adults. Most 
recognized methods, such as patching or atropine, 
are impractical for adults and cannot be used. 
For the treatment of amblyopia the telescopic 
amblyoscope has proven to be quite successful 
with children if the treatment was started early. 
In adults, treatment with the telescopic amblyo- 
scope has been less successful due to irregularity 
in attendance and a tendency to stop treatment 
as soon as improvement was noticed. Progress 
rate depended upon the endeavor of the indi- 
vidual, even in similar cases with the same type 
of treatment. 
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2-1 

Jaffe, Norman S.: Anomalous projection; 
its imcidence, factors in development, 
characteristics, tests, and treatment in 
146 surgically treated strabismus cases, 
Am. J. Ophth., 36:829-838 (June) 1953. 


The author discusses the incidence of anom- 
alous projection as reported by various investi- 
gators and compares the incidence in his own 
series of 146 strabismus cases. Factors in the 
development of anomalous projection are dis- 
cussed, age of onset, the degree of squint, rapid- 
ity of onset, convenience to patient, and emo- 
tional environment. 


He describes characteristics of anomalous pro- 
jection, such as the angle of anomaly and the 
suppression areas. Five tests for anomalous pro- 
jection are described and discussed including 
the afterimage presented to just one eye. The 
author states that when there is correspondence 
the afterimage is seen by the opposite eye. If it 
is not seen by the opposite eye there is no cor- 
respondence. 

Both nonsurgical and surgical types of treat- 
ment are discussed, and the author presents a 
series of 48 adult strabismus patients with anom- 
alous projection in which 57 per cent achieved 
correspondence postoperatively by surgery alone. 


2-2 

Rgénne, Gerhard, and Rindziunski, Eva: 
The diagnosis and clinical classification 
of anomalous correspondence, Acta 


ophth., 31:321-345, 1953. 


The tests which were used to determine cor- 
respondence in the subjects for this paper were: 
afterimage, haploscope, diplopia, parallel vertical 
afterimage, prism-rack afterimage, prism-rack 
Maddox rod, and afterimage at varying dis- 
tances. 


A series of cases are presented which illustrate 
each of the different classes of anomalous cor- 
respondence. The five classes, or stages, of 
anomalous correspondence are: 


1. The earliest stage in which normal corre- 
spondence dominates. The patient has fusion on 
the haploscope, usually with stereopsis, suppres- 
sion for diplopia test, and diplopia for Worth 
four light. The afterimages are usually normal, 
but the parallel negative afterimages have a ten- 
dency to separate. 

2. On the haploscope there is macular sup- 
pression with small pictures, as a rule the patient 
has fusion with large pictures, but no stereopsis. 


With Worth four light there is alternating sup- 
pression, and the findings with Maddox rod are 
often normal, but sometimes the subjective is 
less than the objective angle. The afterimages 
are normal, but the negative crossed afterimages 
are sometimes anomalous or alternately sup- 
pressed. The parallel afterimages are usually 
anomalous. 


3. On the haploscope instead of simultaneous 
perception there is frequently a “jump” in the 
subjective angle. Fusion is sometimes possible 
with large pictures. Worth four light is sup- 
pressed, and with the Maddox rod the subjective 
angle is less than the objective angle. Positive 
crossed afterimages are usually anomalous, nega- 
tive usually showing alternate suppression or 
being anomalous. 


4. At the haploscope simultaneous perception 
at a subjective angle not far from zero, and 
sometimes fusion within the subjective angle. 
There is suppression with Worth four lights, 
and a small subjective angle with Maddox rod. 
It is usual to find anomalous afterimages with a 
constant angle of anomaly, however sometimes 
the images can be brought together with the 
prism-rack test. 


5. At the haploscope there is simultaneous 
perception with small pictures at a subjective 
angle near zero. Fusion sometimes is easy, and 
there may be some amplitude, but no stereopsis. 
There is some suppression with Worth lights, 
and with the Maddox rod there is harmonious 
or nearly harmonious anomaly. The afterimages 
are almost always anomalous with the constant 
angle of anomaly indentical, or nearly so, with 
the objective angle. 


This classification is important for two reasons; 
to evaluate the prognosis, and to determine the 
therapeutic measures necessary. The first three 
stages have a better prognosis and indicate that 
the therapeutic measures need not be as pro- 
longed or as radical as might be indicated by 
the later stages. 


2-3 

Rgnne, Gerhard, and Rindziunski, Eva: 
The pathogenesis of anomalous corre- 
spondence, Acta ophth., 31:347-366, 
1953. 


This paper begins with a discussion of Trav- 
er's theory of anomalous correspondence, and 
a general acceptance of it as an explanation. 
Several cases are cited to reinforce the theory 
that anomalous correspondence is a process of 
adaptation. 
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The authors state that the most efficient way 
of combating anomalous correspondence is by 
use of the Walraven technic utilizing monocu- 
lar diplopia. They found that in some cases 
which did not respond to treatment over a 
period of months they achieved almost immediate 
results with monocular diplopia. 


The evolution of anomalous correspondence 
is, in the authors’ words, “ . . . perhaps mediated 
through hypothesized transverse couplings be- 
tween the two layers of ganglion cells, separated 
by the white line of Gennari, characteristic of 
the striate area in the occipital cortex. Anom- 
alous correspondence should consequently be re- 
garded as an anomaly of perception, and the 
omitted.” 


adjective, retinal, 


The necessity of early diagnosis and treatment 
is emphasized by the authors. As is common 
in other acquired anomalies, it is easier to pre- 
vent than to cure, so the authors have empha- 
sized prophylaxis from two angles; occlusion, 
and early correction of the squint by surgical, 
optical or prismatic means. 


3-1 


Miles, binocular 


Anomalous 


Paul W.: 


depth perception due to unequal image 
brightness, A.M.A. Arch. Ophth., 


50:475-478 (Oct.) 1953. 

Attention is called by the author to an anom- 
aly of depth perception described by a monocu- 
lar defect of unequal brightness of retinal im- 
ages called anisopia. Anisodominance is also an 
anomaly of binocular vision and differs from 
aniseikonia or anisopia in that stereopsis is not 
required. It causes simple errors of relative dis- 
tance of objects of any shape. If an image ap- 
pears brighter to one eye than the other, the 
brighter one of the two objects appears nearer. 


Facts contributing to anisodominance are (1) 
brightness and size clues to distance with relation 
to dominance; (2) illumination reduction in 
one eye causing loss of stereoscopic acuity; (3) 
greater brightness needed to recognize the images 
equally in the suppressing eye with normal visual 
acuity than with the dominant eye as in the mir- 
ror haploscope. 


Further tests were demonstrated with the Lan- 
caster red-green goggles, and white cylinders 
made from typing paper pasted on black card- 
board and smoked glasses to be effectively used, 
substantiate the phenomenon. 


1-1 

Berner, George E. and Berner, Dorothy E.: 
Relation of ocular dominance, handed- 
ness and the controlling eye in binocular 
vision, A.M.A. Arch. Ophth., 50:603- 
608 (Nov.) 1953. 


Crossed dominance has long been thought to 
be at the root of many reading and writing dis- 
abilities. The Berners come forth with an hy- 
pothesis based upon a study of more than 500 
patients with and without reading and speech 
difficulties. A distinction is made between the 
dominant (the sighting eye) and the control- 
ling eye (the eye that controls binocular per- 
ception). It is pointed out that they are not 
automatically the same. While the dominant eye 
is stable, the controlling eye can be changed. 
The Berners’ investigation led them to believe 
that reading, writing, and speech difficulties 
arise when there is crossed control (right hand- 
left eye control). While many patients with 
crossed dominance have difficulties, it is noted 
that the circumstances which cause crossed domi- 
nance can also cause crossed control. 


The examination routine, and analysis of the 
cases used are presented. Treatment is directed 
towards shifting the controlling eye to the side 
of hand dominance. 


5-1 

Nordlow, W.: Age distribution of the on- 
set of esotropia, Brit. J. Ophth., 37:593- 
600 (Oct.) 1953. 


This statistical analysis is based on a series of 
185 cases collected during a ten-year period. A 
comparison is made with previous studies made 
between 1899 and 1951, and consideration is 
given to possible sources of error in the meth- 
ods employed, such as over-representation of the 
early age groups the amount of time 
elapsed before the patient's first examination. 

The conclusion is drawn that esotropias de- 
velop more frequently during the first year of 
life than at any other time. This refutes the 
earlier idea that more esotropias develop be- 
tween the ages of 2 and 4. A difference is found, 
however, between the onset of constant and 
intermittent esotropia. The older the child is 
at the onset of squint the more frequent is the 
occurrence of the intermittent squint 


due to 


6-1 

Winkelman, J. E.: Central and peripheral 
fusion, A.M.A. Arch. Ophth., 50:179- 
183 (Aug.) 1953. 
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The author distinguishes between motor and 
sensory fusion and further defines sensory fusion 
as a perception and motor fusion as a reflex. The 
perception (sensory fusion) of identical images 
creates motor (reflex) action causing the identi- 
cal images to fall on corresponding points of the 
retina. Burian has shown that identical peripheral 
stimuli give rise to fusional movements capable 
of breaking foveal fusion. The peripheral retina 
creates greater motor fusion than central vision 
where motor activity is less pronounced. Experi- 
ments were performed using retinal rivalry as a 
basis because it more nearly represented the sen- 
sation of squinters. From these experiments it 
was concluded that with exposure of images giv- 
ing rise to peripheral retinal rivalry a fusional 
movement of the eyes was noted. This in the 
author's opinion is essentially a primitive reac- 
tion to light stimuli. It is not impossible that 
this reflex is present in squinters. These experi- 
ments and the findings of Burian, who proved 
that even patients with anomalous retinal cor- 
respondence may react to peripheral stimuli by 
fusional movements, could be explained as con- 
stituting the remnants of a probably congenital 
and unconditioned reflex to light. 


7-1 
Ellenberger, Carl: Homemade apparatus for 


testing retinal correspondence, Am. J. 
Ophth., 36-1121-1122 (Aug.) 1953. 


This article explains how one may construct 
an apparatus to test retinal correspondence by 
using the afterimage as described by Tschermark. 
A picture of the apparatus and a wiring diagram 
are included. The sockets are placed in a wooden 
base so that the frosted bulbs are at right angles 
to each other forming the letter “L” backwards. 
The lights can be turned on alternately by a 
toggle switch. 

The author describes his procedure and ad- 
vises that the dominant eye be exposed to the 
horizontal bulb and the nondominant eye to the 
vertical bulb. Instead of having the patient draw 
a picture of the afterimage the author prefers 
a verbal report. 


7-2 

Fink, Walter H.: Chart for testing near 
vision, Tr. Am. Acad. Ophth., 57:-112 
(Jan.-Feb.) 1953. 


This new chart consists of paragraphs of read- 
ing material in standard gradations in size of 
print, one paragraph to a page. The material in- 
cludes not only tests for adults, but also for chil- 
dren. 


7-3 

Smolik, H.: Demonstration eines einfachen 
Apparates fiir das Orthoptiktraining, 
Ophthalmologica, 125:419-421 (April- 
May) 1953. 


The author describes an instrument permitting 
him to turn two parallel plane mirrors around 
their vertical and horizontal axes and as a source 
of light he uses Leitz’ instrument for projection 
of small slides. The slides are placed in a way 
that two corresponding slides of a stereoscope, 
one with a red filter, the other with a green filter, 
are in one frame. In this way only one picture, 
either red or green (exactly complementary col- 
ors), is projected on each mirror and from there 
reflected on a screen. The separation of the two 
pictures (both horizontal and vertical) can be 
varied at will and measured on a scale. Flashing 
is made possible by means of a rotary disk with 
two semicircular openings. As it turns, the two 
pictures are projected successively. 


The screen can be placed at various distances. 
Generally, it is placed at 30 cm. and 5 M. At 
short distances a hemispheric screen should be 
used. The instrument enables the study of the 
field of vision and scotomas and it is especially 
interesting in cases of squint with amblyopia. 


One of the advantages of this instrument is 
that the parents can observe the success or failure 
of the children. False localization, which is very 
difficult to explain to a layman, can be easily 
demonstrated. Dr. Smolik foresees several 
changes and improvements in this instrument, 
such as the use of polaroid glasses instead of the 
red and green glasses. 


8-1 

Abraham, Samuel V.: Special reactions to 
the miotic, Floropryl, Am. J. Ophth., 
36:1122-1123 (Aug.) 1953. 


The author uses Floropryl and other miotics 
in the treatment of certain cases of convergent 
strabismus. He presents the cases of two children 
who, when treated with Floropryl 0.01 per cent, 
had unfavorable general body reactions. 


Floropryl is effective as a miotic but in sensi- 
tive cases a sufficient amount may be absorbed 
through the mucous membrane of the conjunc- 
tiva or nasal area resulting in toxic effects. 


Iris cysts have been noted to develop even 
with only 0.0005 per cent solution. The author 
reports that when the Floropryl treatment is 
stopped, the cysts disappear. Since similar smal- 
ler cysts appear in adults using pilocarpine or 
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eserine, it cannot be said that these cysts are 
produced only by Floropryl. The author’s finding 
so far suggest that only when the pupils remain 
constricted do these cysts develop. 


Children should be watched carefully when 
using miotics and treatment modified if cysts 
develop. When general body reactions appear, 
use of the drug should be stopped. 


9-1 

Berens, Conrad, and Zerbe, Jean: A new 
pinhole test and eye-dominance tester, 
Am. J. Ophth., 36:980-981 (July) 1953. 


The authors describe a new paddle-like de- 
vice to be used for making the pinhole visual 
acuity test and the eye-dominance test. The im- 
portance of both these tests is emphasized and 
instruction for using the tester is included. 


9-2 

Ruedemann, A. D.: Foveal co-ordination, 
Am. J. Ophth., 36:1220-1224 (Sept.) 
1953. 


Regarding the understanding of the extraocu- 
lar muscles, Dr. Ruedemann says, “The entire 
problem is shrouded in the mystery of the fovea, 
its sensitivity levels, its relative superior and im- 
portant recording center in the brain, and finally 
the development of the fusion center.” In order 
to help understand the problem of foveal co- 
ordination, or more important, the lack of foveal 
co-ordination, the author, with the Kresge Foun- 
dation, studied the visual levels of children in 
high, intermediate, and grade schools. 

The study revealed that the visual patterns 
were set by the time the child was in the first 
grade of school. Bad patterns became just as 
firmly set as good eye brain patterns. The bad 
pattern should be corrected as soon as possible 
in order to obtain correct foveal co-ordination. 
Personality and learning problems are often 
secondary to visual inco-ordination. It was found 
that “20 per cent of the pre-school group had 
some lack of foveal co-ordination.” 

Accommodative errors and some cases of low 
visual acuity can be corrected without surgery. 
Other cases need surgery and immediate 
thorough binocular re-education. “It is my con- 
tention that complete foveal co-ordination, that 
is constantly maintained, is the most important 
learning sense of the individual.” 


9-3 

Wheeler, Maynard C.: Strabismus; review 
of the literature, AM.A. Arch. Ophth., 
50:109-122 (July) 1953. 


Dr. Wheeler, in presenting a review of the 
literature on strabismus for the past year, pays 
tribute to Dr. Richard Scobee and highly recom- 
mends the second edition of his textbook “The 
Oculorotary Muscles.” 


Considerable interest in the writings of Burian 
and Swan is being shown in Great Britain. Both 
Stanworth and Boyle, following Swan’s method 
of investigation for peripheral fusion, reached 
the following similar conclusions; (1) in an in- 
fant, peripheral fusion probably develops first, 
(2) in amblyopia, it may be peripheral fusion 
that holds the eyes straight, (3) it also may 
play a part in straightening the eyes of an ac- 
commodative squint, and (4) possibly the gradu- 
al encroachment on the macula from the periph- 
ery as a form of fusion training is suggested. 


Dyer and Bierman assert that “suppression 
is associated with abnormal neuronal discharges 
in the cortex and suggest that electro-encephalo- 
graphic tracings may help in the diagnosis of 
suppression amblyopia.” Fixation anomalies in 
amblyopia have been investigated by Brock and 
Givner who found, by a new method capable 
of more accurate measurement of fixation, that 
20 per cent of amblyopic eyes fixate along the 
central foveal axis. “Most fixate eccentrically, the 
shift away from the center being greater the 
more profound the amblyopia.” 


Anomalous Correspondence. Halldén, in a 90- 
page monograph on the subject of fusional phe- 
nomena in anomalous correspondence, concludes 
that if strabismus with harmonious anomalous 
retinal correspondence is operated on, lack of 
harmony results. The fusion will attempt to com- 
pensate for this in several ways; by a fusional 
movement (returning the eyes to the original 
position), by sensory fusion (creating a new 
anomalous area and lack of harmony), or by 
a combination of the two. Kretzschmar’s study 
showed that the subjective angle remains 
essentially the same over the entire area, indi- 
cating that local signs change throughout most 
of the binocular field. Starkiewicz noted the im- 
portance of the position of the patient’s head in 
taking the afterimage test. He believes that the 
afterimage will show signs of developing anom- 
alous correspondence before other tests. Shep- 
herd studied 1,104 cases to determine the prog- 
nosis in anomalous retinal correspondence and 
favors preoperative orthoptic training. He feels 
that if normal correspondence is not achieved 
before surgery a small residual angle may tend 
to return to the preoperative angle. 


Methods of Examination. Capobianco suggests 
that testing the subjective as well as the objective 
nearpoint of convergence is of value in the prog- 
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nosis of convergence insufficiency. New methods 
of testing ocular deviation are reported by 
Kretzschmar and Falkowska. It was pointed out 
by Thompson that while the troposcope distance 
measurements are consistently higher than those 
of the prism cover test, the near measurements 
by both tests are essentially the same. 


Esotropia-Exotropia. A new syndrome is de- 
scribed by Gittoes-Davies who also gives the pos- 
sible etiology, treatment and prognosis of 80 
cases. The name “concomitant strabismus with 
manifest diplopia” is suggested by Meunier for 
acute concomitant strabismus in an _ adule. 
Francheschetti, who reports 6 cases of this type, 
emphasized that diplopia does not always mean 
paralysis. A symposium on intermittent exo- 
tropia was given at the joint meeting of the 
American Orthoptic Council and the American 
Association of Orthoptic Technicians in 1951 
to bring the subject of exotropia up to date. 


Alternating Hypertropia. Schlossman favors 
Posner's explanation of alternating hypertropia 
as an aberration of the postural tonus and cau- 
tions against operations for the vertical muscles. 
The conclusions of Crone who reports 80 cases 
under the title “alternating hyperphoria” are of 
considerable interest because of his wide experi- 
ence. 


Nonsurgical Treatment. Abraham adds 88 
cases to the previously reported 44 cases in which 
miotics had been used. In 93 per cent of the 
cases of intermittent squint and in 35 per cent of 
the cases of constant squinters a distinct advantage 
was noticed—the squint disappeared or became 
less frequent. He also reports the use of miotics 
in cases of amblyopia. The importance and suc- 
cess of occlusion for the treatment of amblyopia 
is accepted by all. Baird begins total occlusion 
as early as 4 months and continues until surgery 
is indicated or until the child is old enough for 
orthoptic training. He feels that the results of 
treatment by occlusion and preoperative orthop- 
tics far surpass surgery and glasses alone. A new 
method of treating eccentric fixation presented 
by Fritz, has brought surprising results. Under 
the title “nystagmus treated by orthoptics’’ Healy 
describes 4 patients with congenital nystagmus 
and strabismus. Orthoptic training effected cures 
in these patients (one had surgery). She be- 
lieves the nystagmus to have been an anomaly of 
the fusion mechanism. A report of 51 cases of 
squint is presented by Scott in which she con- 
siders the relationship between the age of on- 
set and the age at the time of surgery as an im- 
portant factor in the prognosis for single binocu- 
lar vision. In a review of 40 orthoptic cases one 
to ten years after training, Engle concludes that 
the majority received benefit from the training 


and held on to it. Douglas has written two ar- 
ticles in which he critically surveys the orthop- 
tist. His conclusion is that orthoptics is better 
for diagnosis than for treatment. 


Surgical Treatment. Dr. Wheeler found sur- 
prisingly few articles on the surgical aspect of 
strabismus but makes a comprehensive report on 
several which appeared in 1952. 

A brief report is made of the symposium on 
the treatment of concomitant esotropia at the 
1952 Oxford Ophthalmological Congress. 


10-1 

Anderson, J. Ringland, Causes and treat- 
ment of congenital nystagmus, Brit. J. 
Ophth., 37:267-281 (May) 1953. 


The author has divided congenital nystagmus, 
according to the type of movements, into three 
groups, (1) the visual or fixation type in which 
there is an oscillating movement, (2) oculo- 
motor, which is rhythmic, with the fast com- 
ponent to the side of the gaze, and (3) vestibu- 
lar, which is rhythmic with the fast component 
determined by the side, rather than the gaze. In 
choosing the patients in this series the author 
has excluded any cases which might have been 
caused by maternal measles. 


Among the characteristics of congenital ny- 
stagmus are usually poor vision, oscillating 
movements in the position of rest, and rhythmic 
movements on conjugate deviation, occasional ro- 
tations of the 12 o'clock position of the limbus 
either clockwise or counterclockwise, displaced 
position of rest, and with the former, a typical 
head position attempting to center the position 
of rest. 

During the past thirty years, of 30,000 patients 
seen 138 of them have had nystagmus, in 106 
the condition was congenital. In this period 
there have been two increases, the first from 
1921 to 1933, the second from 1937 to 1943. 
It is supposed that the first increase was caused 
by the advent of twilight sleep. The second in- 
crease may well have its origin in the war. 

Out of the 87 cases in the series 13 were con- 
sidered inherited. The other causes were mater- 
nal ill health and labor difficulty, prematurity, 
natal anoxemia and injury. The most important 
of these were natal anoxemia and injury, par- 
ticularly anoxemia. The main findings are pre- 
sented in a tabular form giving birth infor- 
mation, maternal health, etc. 


In treating congenital nystagmus it must be 
pointed out to the parents that these children 
need a lot of rest and freedom from undue 
strain. The treatment should be sightsaving 
classes for those with poor vision, orthoptic 
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treatment when indicated, full correction or over- 
correction with bifocals, and surgical treatment 
of strabismus. 


The author concludes by pointing out that 
a spontaneous cure often results with the pas- 
sage of time. 


11-1 

Cushman, Beulah, and Culver, James: Pro- 
longed occlusion, Am. J. Ophth., 36:76- 
81 (Jan.) 1953. 


The prolonged occlusion test was introduced 
by Marlow in 1924 and is known as the Marlow 
occlusion to distinguish it from the occlusion of 
the good eye in the treatment of amblyopia ex 
anopsia. Marlow explained its use as being the 
screen test extended in point of time. It should 
be carried out until the position of rest is 
achieved, i.e., the measurements are the same 
from day to day, but as a rule a week's occlu- 
sion will furnish valuable information. 


The authors used prolonged occlusion rou- 
tinely on all patients whose asthenopic symptoms 
could not satisfactorily be relieved by the rou- 
tine tests. The patch was left on for a period of 
from forty-eight hours to a week, and it was 
emphasized that the occlusion had to be total, 
taking care to carry out the dissociation even 
during diagnostic procedures. There was often 
relief of the asthenopic symptoms after forty- 
eight hours of occlusion. At no time has the pro- 
longed occlusion ever brought out any muscle 
anomaly in patients with a normal muscle bal- 
ance. A patient with a normal muscle balance 
can be occluded for weeks and no strabismus 
will become evident. 


Fifty-one patients were treated with prolonged 
occlusion over a period of two years, and only 
two were found to have no muscle anomaly; 
twenty-four were treated with surgery, and 10 
with prisms. 


12-1 

Adler, Francis Heed: Pathologic physiology 
of strabismus, A.M.A. Arch. Ophth., 
50:19-29 (July) 1953. 


The author has made an analysis of how path- 
ologic processes affect ocular motility. The neuro- 
muscular mechanisms which control eye move- 
ments are supranuclear, nuclear, and infranu- 
clear. Patients with strabismus are usually di- 
vided into two groups, comitant and incomitant. 
If incomitant, the pathologic process causing it 
is situated in the nuclear and infranuclear por- 
tion of the pathway. Comitant strabismus, always 


innervational in origin, is caused by a disturbance 
in the mechanism dealing with vergences; it is 
therefore a supranuclear lesion. 


Experiments carried out by Dr. Yasuna, Dr. 
Nulsen, and the author with the surgical help 
of Dr. Scheie and Dr. Ojers prove that lateral 
rectus muscles are actively innervated during 
divergence. Insulated bipolar electrodes were in- 
serted into one of their lateral rectus muscles. 
Changes in electrical potential and the number 
of impulses discharged per second in various 
positions of gaze were recorded. These experi- 
ments prove that divergence is due to cocontrac- 
tion of the lateral rectus muscles with simul- 
taneous inhibition of the medial rectus muscles. 
“A divergence mechanism, therefore, exists.” 


Two groups of tonic impulses keep eyes in 
alignment; postural reflexes and optomotor re- 
flexes. Loss of vision in childhood or paresis of 
vertical muscles sufficient to dissociate the eyes 
so that fusion is not possible may cause esotropia 
due to excessive tonic convergence tonus. Al- 
cohol and anoxia cause an increase in con- 
vergence tonus for distance; therefore, it is pos- 
sible that the convergence mechanism is kept 
under cortical inhibitions. Other causes of 
strabismus are due to trauma in birth, cerebral 
palsy, lack of myelination, etc. 


Excessive divergence impulses is a probable 
explanation of cases of intermittent exotropia 
where neither refractive error nor sensory prob- 
lems are the cause. Interfererce with the normal 
divergence innervation could account for eso- 
tropia in some infants who appear to have no ab- 
duction but who can with each eye abduct nor- 
mally. The excessive convergence may 
cause esotropia because of the dissociation cre- 


tonic 


ated by weakness of divergence 


13-1 

Hulsman, Helen L.: Viswa!l factors in read- 
ing with implications for teaching, Am. 
J. Ophth., 36:1577-1586 (Nov.) 1953. 


The school screening tests for reading diff- 
culties are not adequate. Two tests considered 
by the author to be efficient are the Massa- 
chusetts Vision Test and the Eames Eye Test, 
both containing the Snellen component. How- 
ever, the Snellen chart locates only 60 per cent 
of the children needing visual help because only 
distance vision is tested. 


Several of the common eye defects are dis- 
cussed including refractive errors and phorias 
There has been a difference of opinion among 
those in research as to the relationship of eye de- 


fects and reading difficulties. Visual defects 
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among poor readers have been spotted in several 
studies. One prominent fact in the Eames study 
was ‘the poor reading and ophthalmic group 
presented medians of six prism diopters among 
the unselected cases.” Robinson supports this 
finding and agrees with others that hyper- 
metropia also has a high incidence among poor 
readers. However, Traxler states that “the rela- 
tionship between visual defects and reading disa- 
bility is not as high as one would naturally ex- 
pect it to be.” Robinson found aniseikonia to 
have a high incidence among poor readers but 
along with others tends to minimize the im- 
portance of myopia as a deterrent to good read- 
ing. Other studies find amblyopia, but not astig- 
matism, to be important in reading disabilities. 
The author reports on several more studies which 
have investigated other possibilities for reading 
troubles. 


In view of the studies reported, the author 
feels that the visual acuity of a child with read- 
ing difficulties should be tested by an oculist. If 
correction of the defective vision does not solve 
the problem, at least the child will be sub- 
jected to less visual strain. 


The author suggested that eye tests be 


given after a play period rather than after a 
study period. A discussion of the effectiveness 
of glasses follows. Several suggestions are pre- 
sented for teachers in order to aid their pupils. 


14-1 

Asher, H.: Suppression theory of bimocu- 
lar vision, Brit. J. Ophth., 37:37-49 
(Jan.) 1953. 


The purpose of the twelve experiments con- 
tained in this paper is to reconsider, and rein- 
force, du Tour's opinion in relation to depth 
perception; that is, that there is always suppres- 
sion of one of a pair of corresponding points, 
and not actual fusion. There are twelve diagrams 
shown and a discussion follows each. 


The author states that there are two kinds of 
suppression: namely, suppression of ground 
and suppression of object. These separate sup- 
pressions are necessary to avoid the occurrence ot 
intermediate hues and of diplopia, respectively. 
Following du Tour's theory it would mean that 
binocular mixtures of colors could not occur. 
However, the views that these mixtures can be 
produced has been brought out by others and 
these views are carefully examined. 


The following are the author's statements con- 
cerning the suppression theory of binocular 
vision. 


The correspondence of the retinal elements is 


comparatively rigid and unchanging. 


One of a pair of corresponding points always 
suppresses the other. 


Where there is a contour, the suppressing power 
of retinal elements on each side of it is enhanced. 


Where there is disparity of contour, there in 
the one eye retinal elements on both sides of this 
contour suppress corresponding points in the other 
eye. 


If the extent of the suppression is greater than 
the disparity between the contours, then diplopia 
xccurs, but depth perception is possible. 


If the extent of the suppression is greater than the 
disparity between the contours, one contour is sup- 
pressed and single vision occurs with depth percep- 
tion, 


The contour of one part of the image may be 
dominant in one eye, and that of another part may 
be dominant in the other eye. 


15-1 

Leurent, Par M.: De Vintérét de dwerses 
méthodes d'examen dans l'étude des para- 
lysies oculaires; le chéwoscope comme 
élément d’appoint au diagnostic, Bull. 
Soc. d’opht. de France, 2:67-81 (Feb.) 
1953. 


The author suggests the use of the cheiroscope 
for the diagnosis of complicated cases of para- 
lysis. He gives an example of a case with a 
paralysis of the right superior oblique and de- 
scribes the different tests he used for the diag- 
nosis such as the Maddox rod, the synoptoscope, 
the Hess screen and the cheiroscope. 


The patient traces a picture on the cheiro- 
scope and then the author traces the same pic- 
ture on the same sheet of paper and compares 
the results. If the figure drawn by the patient is 
displaced to the left, higher and tilted to the 
right, and the vertical displacement increases on 
looking left, the author concludes a paralysis of 
the right superior oblique. 


The cheiroscope gives results easily and quick- 
ly. It helps in the diagnosis of cyclophoria and 
this makes possible the immediate differentiation 
between an oblique and a rectus muscle. 


The patients usually like this test, although 
sometimes macular suppression makes it more 


difficult. 


16-1 
Giardini, A.: Sulla terapia ortottica e chi- 
rurgica dello strabismo concomitante. 


Boll. d’ocul., 31:396-421 (July) 1952. 


The article is a didactic one about concomitant 
strabismus and is built up according to the data 
reported in the recent literature and experience 
of the author. The following resume concerns 
only the orthoptic part. 


It is the belief that orthoptic treatment and 
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occlusion should be done as early as possible to 
be effective. Orthoptic treatment should be pre- 
scribed preoperatively and postoperatively. Pre- 
operatively, its aim is to eliminate improper fixa- 
tion, suppression, anomalous correspondence 
(especially in the cases of so-called deficiency of 
retinal normal correspondence), to improve the 
power of fusion and of convergence, etc. Post- 
operatively, orthoptics is used to correct unavoid- 
able residual postoperative deviations by rein- 
forcing the power of fusion. 


In nonaccommodative esotropia the author 
states that he saw few cases of true anomalous 
correspondence but usually deficiency of retinal 
correspondence, respectively normal or anom- 
alous (either harmonious or unharmonious). 
The first condition is obtained when the squint 
is able to obtain superimposition of the image 
at the objective angle (normal) or at different 
angle (anomalous). The second condition exists 
when there is crossing of the images instead of 
superimposition. 


Amplitudes of convergence and divergence 
should be given to the esotropia and exotropia. 
It is an error to give only divergence to the eso- 
tropia and only convergence to the exotropia. 
Fixation and diplopia exercises are useful exer- 
cises for patients who have the ability to fuse. 


The accommodative esotropia is given a full 
correction, and bifocals are prescribed in cer- 
tain cases. Partial occlusion of the inferior half 
of the lens corresponding to the better eye may 
be used. Dissociation of accommodation and 
convergence is prescribed following antisuppres- 
sion exercises. If the refractive error is less than 
3D and the astigmatism is not bigger than ID 
it is possible to teach the patient to keep his 
eyes straight while accommodating without cor- 
rection. 


In the intermittent exotropia, it is advisable 
to modify the static position of the eyes with 
surgery adding preoperative and postoperative 
orthoptic training. In the exotropia with so- 
called excessive divergence aim of the orthop- 
tic treatment is to obtain voluntary control of 
the eyes. To have a favorable definitive result 
this effort of control has to be helped with sur- 
gery. Occlusion is seldom necessary. The macular 
suppression is frequently very resistant to ther- 
apy. The sequence of treatment is often inverted 
since the author found that it is easier to fuse 
similar images rather than superimposition of 
dissimilar images. The size of the targets is grad- 
ually decreased. 

In the constant exotropia, being usually adult 
people with fusion, there is indication only for 
cosmetic surgical correction. 


16-2 
Kent, Paul R., and Steeve, J. Howard,: 

Convergence insufficiency: incidence 

among military personnel and relief by 

orthoptic methods, The Military Surgeon, 

112:202-205 (Jan.) 1953. 

A series of 4,461 patients at United States 
Naval Hospitals in San Diego, Calif., and Camp 
Lejeune, N. C., were examined to determine the 
incidence of symptoms producing exophoria and 
to form an opinion as to the practicality of or- 
thoptic measures. 

In addition to either a cycloplegic or mani- 
fest refraction, each patient had his vertical and 
lateral phoria measured at 20 feet and 13 inches 
with a Maddox rod and Risley prism. Prism con- 
vergence at 13 inches with break and recovery 
point and the N.P.C. to the bridge of the nose 
were also recorded. Those chosen for orthop- 
tics had movements in eight positions, cover 
tests for 20 feet and 13 inches, and interpupil- 
lary distance measured and recorded. Those 
whose phorias were of structural rather than in- 
nervational origin were not treated orthoptically. 

The criteria by which patients were chosen 
for orthoptics were ocular asthenopia unrelated 
to refractive error or pathology, and the pres- 
ence of one or more of the following: prism 
convergence at 13 inches less than three times 
the amount of exophoria for the same distance, 
prism convergence at 13 inches of less than 15 
prism diopters regardless of phoria, or a prism 
recovery point at 13 inches of 5 prism diopters 
or less. 

The main symptoms of which the patients 
complained were headaches, blurring of vision, 
ocular fatigue, occasional diplopia, nausea, burn- 
ing, epiphora, sleepiness and loss of concentra- 
tion. All of them had low prism convergence at 
near. 

Orthoptic training was carried on for twenty 
minutes once a week. Prisms of increasing 
strength were held first in front of the right eye, 
then in front of the left eye, using a light 
or target at 20 feet for fixation. Those who had 
a remote N.P.C. were also taught to use the 
“pencil-pushup” exercise. The results began to 
be noticed after about three weeks of training, 
and within about eight weeks the results were 
almost uniformly good. Those who have been 
re-evaluated since training have retained the con- 
vergence which they built. 


16-3 

McGannon, 
A.M.A. Arch. 
(Sept.) 1953. 


Teletrainer, 
50:354-355 


William J.: 


Ophth.,, 
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Television may be used as an antisuppression 
home training method to maintain the interest of 
the patient. A polaroid screen is placed in front 
of the television screen, one half at an axis of 
90 degrees and the other half at an axis of 180 
degrees. The patient wears polaroid lenses match- 
ing the two sides of the screen. Simultaneous 
perception is necessary for the entire picture to 
be seen. 


16-4 

Parfornt, Jean and Polliot, Louis: Le traite- 
ment chirurgical du strabisme concomi- 
tant. Societe d’'Ophtalmologie de Paris, 
Rapport Annuel, Supplement au Bulletin 
d'Ophthalmologie de Paris. No. 4, 1953. 


The advantages and disadvantages of early and 
late surgery are discussed. The reasons listed in 
favor of postponing the surgical procedure until 
after the age of puberty are (1) a spontaneous 
straightening of the ocular axes occurs quite 
often, sometimes several years after the correc 
tion was prescribed, (2) secondary deviations 
are more frequent in patients operated upon at 
an early age, (3) in spite of the great progress 
in the administering of anesthesia, it is still 
dangerous for young children and (4) under 
anesthesia or even after retrobulbar injection 
the deviation is much smaller, and sometimes 
disappears completely. Therefore, under gen- 
eral anesthesia it is impossible to control the 
correction adequately. Many surgeons give rules 
for the number of millimeters to resect or recess 
for a certain deviation but these rules are very 
unreliable and vary from surgeon to surgeon. 
Those in favor of an early intervention claim 
that (1) the correction of the deviation is more 
stable because of binocular vision, (2) it pre- 
vents secondary changes, muscular and sensory 
(amblyopia ex anopsia, and anomalous corre- 
spondence) and (3) it prevents the develop- 
ment of an inferiority complex in the child. 

In an answer to those in favor of early sur- 
gery the authors state: Binocular vision per se 
is not important enough to justify an early in- 
tervention. Although much is written and said 
about the sensory changes following strabismus, 
the authors are not convinced that they really 
exist. 

Regarding amblyopia, two types of amblyopia 
are discussed, namely, true and relative. True 
amblyopia is found in patients with less than 
20/400 visual acuity and absence of central 
vision. This type of amblyopia cannot be im- 
proved. 

Relative amblyopia refers to visual acuity of 
20/200 or better and it may be improved either 


by training or spontaneously bur will not dis- 
appear completely. 

Some children are very much disturbed by oc- 
clusion and will not wear it under any circum- 
stance. They are usually blamed for the failure 
if there is no improvement in visual acuity, but 
in reality it cannot be improved. On the other 
hand, when a child does not mind wearing an 
occluder and does not peek and there has been 
some improvement in visual acuity it means that 
his visual acuity was much better than the doc- 
tor was able to bring out on the first visit. 


The authors believe that retinal correspond- 
ence is innate and cannot be modified. Even if 
a new anomalous correspondence could devel- 
op, it would need a constant, never-changing 
angle of deviation while actually the angle be- 
tween the two visual axes changes constantly 
when the patient looks from a near to a distant 
object. What really occurs is strong suppression 
in several zones that can be detected by study- 
ing the binocular visual field. 

An early surgical intervention would not make 
much difference anyway because the visual axes 
have to be adjusted with microscopic accuracy 
to ensure good correspondence and this is not 
possible with the crude surgical technics. 

The psychologic factor does not seem to have 
very much importance. Psychologic tests were 
conducted with strabismic children that came 
to Troussean Hospital for one year. These tests 
showed the children had normal intelligence 
and social behavior. Of the 1,000 children that 
were examined for psychiatric consultation the 
percentage of children with strabismus was only 
2.2 per cent which was exactly the normal pro- 
portion. As for orthoptics its result does not 
justify the continuous effort of both the parents 
and the children. On the other hand, in spe- 
cialized centers when it is possible to do or- 
thoptics without interrupting the other activities 
of the child, its theoretical possibilities are very 
interesting. Orthoptic studies and methods can 
help to understand the problems of binocular 
vision. 


17-1 

Ogle, Kenneth N., and Prangen, Avery de 
H.: Observations on vertical divergences 
and hyperphorias, AM.A. Arch Ophth., 
49:313-334 (March) 1953. 


Normal vertical fusional amplitude is 2.5 to 
3, yet it can be shown that people are able to 
adapt to larger degrees of vertical divergence. 

The fixation disparity technic was given in 
detail. Hyperphorias were forced into vertical 
divergence by overcoming prisms which they 
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compensated for completely, most exceeding 6 
in steps of a 2 gradual increase. No changes 
were seen in the original hyperphoria when 
complete vertical divergence had been obtained. 
After prism fit-overs were removed, diplopia 
was evident from two to sixteen minutes after 
the recovery of fusion. (This varied with the 
individual subjects.) When the stimulus for 
fusion was delayed, the hyperphoria did not 
return to normal even after two and a half hours. 
Compensation among hyperphorias varied, some 
accepted the prisms in exactly the degree pre- 
scribed and maintained their hyperphoria as 
originally measured. 

We constantly use vertical divergence in every- 
day life, as in near vision, when reading and 
then looking obliquely at a fixation point on 
the page of a book without turning our head 
and seem to compensate for it automatically. 

The correction of an anisometropic refractive 
error is readily accepted by many patients, when 
changing fixation from distance to reading posi- 
tion with the same hyperphoria in all directions 
of gaze constantly demanded. 

Normal binocular impulses seem _ strong 
enough to overcome artificial obstacles such as 
prismatic deviations, anisometropic refractive 
corrections, or vertical prisms with no change 
in the original hyperphoria. The psycho-optical 
and the voluntary reflex seem to stimulate the 
compulsion for the fusion reflex to act. The 
fact the fusion reflex is strong enough to com- 
pensate for large vertical prisms, yet is unable 
to overcome the hyperphoria, can only be ex- 
plained as an obstacle to motor or innervational 
abnormality of the ocular muscles. This does 
not take hyperphorias of paretic origin into 
consideration. 


18-1 

Ogle, Kenneth N.: On the problem of an 
international nomenclature for designat- 
ing visual acuity, Am. J. Ophth., 36:909- 
921 (July) 1953. 


This paper is a report of a subcommittee of 
the American Committee of Optics and Visual 
Physiology on the problem of devising a sys- 
tem of designating visual acuity. The committee 
was asked “to work out the geometrical and 
decimal systems together in a practical man- 
ner.” The committee studied the problem of 
finding and standardizing “(1) a particular 
mode of designating visual acuity and (2) a 
particular gradation of steps in letter size for 
the visual acuity charts.” Detailed tables, graphs 
and computations are included. 


18-2 

Stern, Richard U.: Method of testing visual 
acuity in children, Tr. Am. Acad, Ophth. 
57:686 (Sept.-Oct.) 1953. 


Dr. Stern is of the opinion that most charts 
for testing children’s visual acuity are unreliable 
because of the variability of responses and chil- 
dren’s short attention span. He feels that the use 
of the isolated “E” with the child holding an 
“E” is very satisfactory and fairly free from the 
faults mentioned. The test is easily explained 
and holds the child’s attention. He feels that 
this test gives a valid measurement of visual 
acuity even in very young children. 
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Sponsor: Benjamin Smallen, M.D 


Miss Electra Healy 
4753 Broadway 
Chicago 40, II. 
Sponsor: William J. Noonan, M.D. 


Mrs. Joyce McEvers Heath 
Eye, Ear, Nose & Throat Hosp. 
2485 Center St. 
Salem, Ore. 
Sponsor: W. W. Baum, M.D. 


Miss Lydia K. Heinen 
904 W. Adams St. 
Chicago 7, II. 
Sponsor: Peter C. Kronfeld, M.D. 
Miss Helen Hellebo 
Evanston Hosp. Orthoptic Clinic 
2650 Ridge Ave. 


Evanston, III. 
Sponsor: Miriam Eubank, M.D. 


Miss Mary Hempstead 
Gailey Eye Clinic 
1008 N. Main St 
Bloomington, III. 
Sponsor: Watson Gailey, M.D. 


Mrs. Dorothy D. Henderson 
Orthoptic Division of the Bay State Training 
Center 
Truesdale Hospital 
218 Calvin St. 
Fall River, Mass. 
Sponsor: Paul P. Dunn, M.D 


Mrs. Serena Herslof 
Racine Orthoptic Service 
3444 N. Hackett 
Milwaukee, Wis. 
Sponsor: William H. Bennett, M.D 


Miss Helen Holoviak 
11 E. 90th St. 
New York 28, N.Y. 
Sponsor: Sidney A. Fox, M.D 


Mrs. Anne Hughes 
111 E. 65th St. 
New York 21, N. Y. 


Sponsor: Hunter H 


Miss Ann C. Hurley 
Buffalo Orthoptic Center 
52 Maple St. 
Buffalo 4, N. Y. 
Sponsor: Benjamin Smallen, M.D 


Miss F. Elizabeth Jackson 
Orthoptic Clinic 
St. Vincent’s Hospital 
Erie, Pa. 
Sponsor: James H. Delaney, M.D 


Romaine, M.D. 


Mrs. Pearl Jaquith 
Box 511 
Brawley, Calif. 
Sponsor: George C. Jaquith, M.D. 


Mrs. Marion Keller 
208 David Whitney Bldg 
Detroit 26, Mich 
Sponsor: Ralph H 


Pino, M.D 


Miss Edna Knauber 
Orthoptic Clinic 
Manhattan E. E. & T 
210 E. 64th St. 

New York, N. Y. 
Sponsor: David H. Webster, M.D. 


Miss Virginia D. Koehler 
Eye Department 
Reading Hospital 
Reading, Pa 
Sponsor: John M. Wotring, M.D. 


Hospital 
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Mrs. Louisa Wells Kramer 
1779 Massachusetts Ave. N.W. 
Washington, D. C. 
Sponsor: Ronald A. Cox, M.D. 


Miss Mary E. Kramer 
305 Professional Bldg. 
Kansas City 6, Mo. 
Sponsor: Wade Hampton Miller, M.D. 


Mrs. Zelda Kratka 
Medical Arts Bldg. 
Wilmington, Del. 
Sponsor: William H. Kratka, M.D. 


Miss Josephine S. Kukora 
Orthoptic Clinic 
Henry Ford Hospita! 
2799 W. Grand Blvd. 
Detroit 2, Mich. 
Sponsor: E. L. Whitney, M.D. 


Miss Julia E. Lancaster 
San Francisco Ophthalmic Lab. 
490 Post St. 
San Francisco 2, Calif. 
Sponsor: Avery M. Hicks, M.D. 


Miss Beverly J. Lasher 
1652 David Whitney Bldg. 
Detroit 26, Mich. 
Sponsor: A. D. Ruedemann, M.D. 


Mrs. Dorothy Laughlin 
Department of Ophthalmology 
Washington University School of Medicine 
640 South Kingshighway 
St. Louis 10, Mo. 
Sponsor: Lawrence T. Post, M.D. 


Mrs. Elsie H. Laughlin, 
1718 Morningside Drive 
Iowa City, lowa 
Sponsor: A. E. Braley, M.D. 


Miss Marion Lister 
1462 Minto Crescent 
Vancouver B. C., Canada 
Sponsor: Orwyn H. Ellis, M.D. 


Miss Lorraine Lucas 
414 David Whitney Bldg. 
Detroit 26, Mich. 
Sponsor: Edmond L. Cooper, M.D. 


Mrs. Marguerite S. Lundean 
Rochester Orthoptic Center 
259 Alexander St. 

Rochester 7, N. Y. 
Sponsor: John F. Gipner, M.D. 


Miss Catherine Lunn 
Orthoptic Clinic 
Health Centre for Children 
Vancouver General Hospital 
Vancouver, B. C., Canada 
Sponsor: John A. McLean, M.D. 


Miss Matilda M. Lutz 
St. Louis Ophthalmic Laboratory 
108 Beaumont Medical Bldg. 
St. Louis 8, Mo. 
Sponsor : Edwin J. Casey, M.D. 


Miss Florence MacLean 
Ocular Research Unit 
Department of Ophthalmology 
Walter Reed Army Medical Center 
Washington 12, D. C. 
Sponsor: Colonel J. H. King, Jr., MC 


Miss Dorothea Madaire 
2017 Massachusetts Ave. N.W. 
Washington 8, D.C. 
Sponsor: J. A. Sansoucy, M.D. 


Miss Nancy Malcolm 
717 Medical Dental Bldg. 
Vancouver 1, B.C., Canada 
Sponsor: John A. McLean, M.D. 


Miss Marilyn Marqua 
Orthoptic Clinic 
Junior League Children’s Hospital 
4900 S. Lewis, Box 4014 
Tulsa, Okla. 
Sponsor: D. L. Edwards, M.D. 


Miss Louise Marshall 
1752 Massachusetts Ave., N.W. 
Washington, D. C. 
Sponsor : Sterling Bockoven, M.D. 


Mrs. Dolly H. Martz 
608 N. Third St. 
Harrisburg, Pa. 
Sponsor: George E. Martz, M.D. 


Miss Phoebe Mayfield 
300 McKnight Ave. 
Clayton 24, Mo. 
Sponsor: David Freeman, M.D. 


Mrs. Blanche McCullough 
1440 Fairholme Rd. 
Grosse Pointe Woods 30, Mich. 
Sponsor : Lester E. McCullough, M.D. 


Mrs. Maureen Johnson McIntyre 
Parkin Bldg. 
Commercial St. 
Nanaimo, B. C., Canada 
Sponsor: McKercher, M.D. 





Miss Jeanette Murphy 
Orthoptic Clinic 
Univ. of Colorado Medical Center 
4200 E. Ninth Ave. 
Denver 20, Colo. 
Sponsor: J. L. Swigert, M.D. 


Miss Rosalie Nestor 
1816 R Street, N.W. 
Washington, D. C. 
Sponsor: Dorothy Behner Holmes, M.D 


Mrs. Neale Nowels 
628 Medical Arts Bldg. 
Portland 5, Ore. 
Sponsor: E. Merle Taylor, M.D. 


Miss Patricia O'Neill 
902 W. Mt. Airy Ave. 
Philadelphia 19, Pa. 
Sponsor: Edmund Spaeth, M.D. 


Miss Donna M. Orlando 
Buffalo Orthoptic Center 
52 Maple St. 
Buffalo 4, N.Y 
Sponsor: Benjamin Smallen, M.D 


Miss Dorothy L. Parkhill 
Orthoptic Clinic 
N. Y. Eye & Ear Infirmary 
Second Ave. & 13th St. 
New York 3, N. Y. 
Sponsor: Truman L. Boyes, M.D. 


Mrs. Vera Parry 
2804 Main St. 
Buffalo, N. Y. 
Sponsor: Joseph Schutz, M. D. 


Mrs. Nancy Paterson 
3315 Van Horne St. 
Montreal, Que., Canada 
Sponsor: A. R. Anthony, M.D. 


Miss Martha Peterson 
228-229 Huntington Bank Bldg. 
Columbus 15, Ohio 
Sponsor: Harry M. Sage, M.D. 


Miss Patricia J. Peterson 
1633 David Whitney Bldg. 
Detroit 26, Mich. 
Sponsor: A. D. Ruedemann, M.D. 


Miss Rachael M. Pietrini 
735 Clinton Ave. 
Bridgeport 4, Conn. 
Sponsor: James M. O’Brien, M.D. 


Mrs. Dolores Jalbert Pumphrey 
100 N. Main St. 
Mt. Vernon, Ohio 
Sponsor: Gordon H. Pumphrey, M.D. 
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Mrs. June McKinlay 
Orthoptic Clinic 
Health Centre for Children 
Vancouver General Hospital 
Vancouver 9, B.C., Canada 


Sponsor: John A. McLean, M.D. 


Miss Elizabeth M. McLaughlin 
Columbia Ophthalmic Lab. 
Columbia Professional Bldg 
Columbia, Mo. 

Sponsor: H. E. Allen, M.D. 


Miss Alice L. McPhail 
1324 Hanna Bldg. 
Cleveland 15, Ohio 
Sponsor: Webb P. Chamberlain, Jr., M.D. 


Miss Judith Middleton 
717 Medical Dental Bldg. 
Vancouver 1, B. C. Canada 
Sponsor: John A. McLean, M.D. 


Mrs. M. Dorothy Miesel 
1613 David Whitney Bldg. 
Detroit 26, Mich. 
Sponsor: Duncan A. Campbell, M.D. 


Mrs. Estelle Millring Miller 
Chicago Orthoptic Clinic 
203 North Wabash, Suite 1910 
Chicago 1, Ill. 
Sponsor: J. Robert Fitzgerald, M.D 


Mr. Robert S. Miller 
208 E. Wisconsin Avenue, Suite 35C 
Milwaukee 8, Wis. 
Sponsor: Samuel S. Blankstein, M.D 


Miss Julie Mimms 
Mississippi Optical Dispensary 
425 E. Capitol St. 
Jackson, Miss. 
Sponsor: W. L. Hughes. M.D 


Miss Suzanne Mitchell 
327 E. State St. 
Columbus 15, Ohio 
Sponsor : George T. Stine, M.D. 


Miss Gloria Mittelstaedt 
1025 David Whitney Bldg 
Detroit 26, Mich. 
Sponsor: C. W. Lepard, M.D 


Miss Ramona Moorefield 
6924 9th Avenue N. 
St. Petersburg, Fla. 


“ponsor: Bernard Bell, M.D. 
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Miss Carolyn A. Pursley 
516 McCallie Ave. 
Chattanooga, Tenn. 
Sponsor: Willard H. Steele, Jr., M.D. 


Mrs. Ruth J. Ragan 
1015 Heyburn Bldg. 
Louisville, Ky. 
Sponsor: C. Dwight Townes, M.D. 


Miss Dorothy F. Reimer 
Orthoptic Clinic 
Toledo Hospital 
Toledo 6, Ohio 
Sponsor: John D. Skow, M.D. 


Miss Florence E. Robertson 
140 E. 54th St. Suite 6-E 
New York, N. Y. 
Sponsor: Arno E. Town, M.D. 


Miss Jean S. Robinson 
Memphis Optical Dispensary 
720 Exchange Bldg. 
Memphis 3, Tenn. 
Sponsor: Ralph O. Rychener, M.D. 


Miss Jane Romanio 
Rochester Orthoptic Center 
259 Alexander St. 
Rochester, N.Y. 
Sponsor: Hobart A. Lerner, M.D. 


Mrs. Pearl P. Rosen 
692 High St 
Newark 2, N. J. 
Sponsor: Emanuel Rosen, M.D. 


Mr. Jack M. Rosenfeld 
360 North Bedford Dr. 
Beverly Hills, Calif. 
Sponsor: Cecelia Ross, M.D., 


Mrs. Florence Bateson Ross 
30 N. Michigan Ave. 
Chicago, Ill. 
Sponsor: Perry W. Ross, M.D. 


Miss Edith V. Roth 
401 Security National Bank Bldg. 
Battle Creek, Mich. 
Sponsor: J. Sleight, M.D. 


Mrs. Toshi Harada Sato 
American Trust Bldg. 
2140 Shattuck Ave. 
Berkeley, Calif. 
Sponsor: Raymond R. Johanson, M.D. 


Mrs. Phyllis Faller Schaefer 
Buffalo Orthoptic Center 
52 Maple St. 

Buffalo, N. Y. 


Sponsor: Benjamin Smallen, M.D. 
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Miss Elsie Schatzle 
403 Fulton St. 
Troy, N.Y. 
Sponsor: H. Gordon Anderson, M.D. 


Miss Emily Schoech 
Midwest Ophthalmic Lab. 
210 Courtney Bldg. 
Omaha, Neb. 
Sponsor: W. H. Morrison, M.D. 


Miss Martha Schuster 
203 Argyle Bldg. 
Kansas City Orthoptic Clinic 
Kansas City, Mo. 
Sponsor: Will R. Eubank, M.D. 


Mrs. Ruth MacNab Schwarz 
13210 Shaker Square 
Cleveland 20, Ohio 
Sponsor: Francis S. Schwarz, Jr., M.D. 


Miss Mary G. Sharpe 
Orthoptic Clinic 
Hahnemann Hospital 
Philadelphia, Pa. 
Sponsor: H. S. Weaver, Jr., M.D. 


Miss Lilian Silva-White 
Orthoptic Clinic 
Univ. California Medical 
3rd and Parnassus 
San Francisco 22, Calit 
Sponsor: George S. Campion, M.D. 


Center 


Miss Mary Elizabeth Sisson 
208-214 Clayton Medical Building 
35 North Central 
Clayton 5, Mo. 

Sponsor: F. W. Luedde, M.D. 


Miss Dorothy M. Smith 
1406 Eutaw Place 
Baltimore 17, Md. 
Sponsor: Clyde A. Clapp, M.D. 


Mr. Glendon G. Smith 
Kuhn Clinic 
112 Rimbach St. 
Hammond, Ind. 
Sponsor: Hedwig Kuhn, M.D. 


Mrs. Mary Smith-Burns 
407-16 Davidson Bldg. 
Sioux City, lowa 
Sponsor: J. E. Dvorak, M.D. 


Miss Marjorie Snell 
Orthoptic Clinic 
Children’s Hospital 
Winnipeg, Man., Canada 
Sponsor: I. H. Beckman, M.D. 





Mrs. Rosa DeCarlo Spero 
76-10 34th Ave. 
Jackson Heights, L. I., N. Y. 
Sponsor: Mary G. Bruno, M.D. 


Miss Nancy L. Spitler 
150 E. Broad St. 
Columbus 15, Ohio 
Sponsor: Jacob Moses, M.D. 


Miss Marilyn Spitz 
4541 Nagle Ave. 
Sherman Oaks, Calif. 
Sponsor: Orwyn H. Ellis, M.D. 


Miss Mary Virginia Stallworth 
University Orthoptic Clinic 
Medical College of Alabama 
Birmingham 5, Ala. 

Sponsor: Alston Callahan, M.D. 


Miss Elizabeth K. Stark 
30 E. 40th St. 
New York 16, N. Y. 
Sponsor: LeGrand H. Hardy, M.D. 


Miss Arlene E. Stearns 
1633 David Whitney Bldg. 
Detroit 26, Mich. 
Sponsor: A. D. Ruedemann, M.D. 


Miss Anita J. Stelzer 
St. Louis Opthalmic Laboratory 
3720 Washington Boulevard 
St. Louis 8, Mo. 
Sponsor: Daniel Bisno, M.D. 


Miss Dorothy Stobie 
2804 Main St. 
Buffalo 14, N. Y. 
Sponsor: Joseph A. Schutz, M.D. 


Miss Barbara G. Stone 
Eye Institute, Room 524 
635 W. 165th St. 

New York 32, N. Y. 


Sponsor: Maynard C. Wheeler, M.D. 


Mrs. Betty M. Storer 
414 N. Camden Dr., Room 109 
Beverly Hills, Calif. 
Sponsor: James R. Cogan, M.D. 


Miss Ann E. Stromberg 
Massachusetts E. & E. Infirmary 
Orthoptic Clinic 
243 Charles St.. 
3oston 14, Mass. 

Sponsor: Edwin B. Dunphy, M.D. 


ROSTER 


Miss Angela A. Swenson 
Ophthalmic Motility Clinic 
905 University Ave., Room 206 
Madison 5, Wis. 

Sponsor: C. W. Aageson, M.D. 


Miss Jean T. Swenson 
David, Neff & Duehr Clinic 
224 W. Washington Ave. 
Madison 3, Wis. 
Sponsor: Frederick A. Davis, M.D. 


Miss Margaret T. Tanner 
Union National Bank Bldg 
Eau Claire, Wis 
Sponsor: J. W. Tanner, M.D. 


Miss B. Evelyn Taylor 
708 Park Ave 
New York, N.Y. 
Sponsor: Conrad Berens, M.D 


Mrs. Sally Schaeffer Terhaar 
2804 Main St 
Suffalo, N.Y. 
Sponsor: Joseph A. Schutz, M.D 


Miss Mary Thomas 
11 E. Chase St. 
Baltimore 2, Md. 
Sponsor: Roy O. Scholz, M.D. 


Mrs. Louise Thompson 
211 W. York St. 
Norfolk, Va. 
Svonsor: Carl C. Cooley, M.D. 


Miss Mary Thompson 
1652 David Whitney Bldg. 
Detroit 26, Mich. 
Sponsor: A. D. Ruedemann, M.D 


Miss Aleatha J. Tibbs 
1605 22nd St. N. W. 
Washington 8, D. C. 
Sponsor: Frank D. Costenbader, M.D. 


Miss Helen Toney 
105 Hawes St. 
Wharton, Texas 
Sponsor: Vernon Black, M.D. 


Mrs. Pearl T. Urist 
432%. Phoenix St. 
South Haven, Mich. 
Sponsor: Martin J. Urist, M.D 


Miss Ruth Wahlgren 
2709 S. E. Taylor 
Portland, Ore 
Sponsor: Kenneth Swan, M.D. 





84 AMERICAN ASSOCIATION 
Miss Frances C. Walraven 

511 Medical Arts Bldg. 

Atlanta 3, Ga. 

Sponsor: J. Mason Baird, M.D. 


Miss Jane R. Ward 
Cleveland Clinic Eye Dept. 
E. 93rd & Euclid Ave. 
Cleveland 6, Ohio 
Sponsor: Roscoe J. Kennedy, M.D. 


Miss Dixie Jean Wehrheim 
Department of Ophthalmology 
State University of Iowa 
Iowa City, Ia. 
Sponsor: Hermann M. Burian, M.D. 


Mr. N. LeRoy White 
628 Medical Arts Bidg. 
Portland, Ore. 
Sponsor: E. Merle Taylor, M.D. 


Mrs. Mary Wilkinson 
85 Sanford St. 
Buffalo 14, N. Y. 
Sponsor: Harold Wass, M.D. 
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Mrs. Marie F. Williams 
Orthoptic Clinic 
Univ. Colorado Medical Center 
4200 E. Ninth Ave. 
Denver 20, Colo. 
Sponsor: Harry W. Shankel, M.D. 


Miss Geraldine L. Wilson 
11 E. 68th St. 
New York, N.Y. 
Sponsor: Herbert M. Katzin, M.D. 


Mrs. Geraldine Wood 
8528 Cartier St. 
Vancouver, B. C., Canada 
Sponsor: John A. McLean, M.D. 


Mrs. Marguerite Johnston Worsham 
Mobley-Stokes Clinic 
125 W. Cheves St. 
Florence, S. C. 
Sponsor: J. Howard Stokes, M.D. 


Mrs. Kathleen Byers Ziel 
Grand Rapids Orthoptic Clinic 
338 Sheldon, S.E 
Grand Rapids, Mich. 
Sponsor: Ralph H. Gilbert, M.D 











